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Methods of Measuring Humidity and Testing
Hygrometers

A Review and Bibliography
Arnold Wexler and W. G. Brombacher

This paper is a review of methods for the measurement of the water-vapor content of
air annd other gases and for the production and control of atmospheres of known humidity
for hygrometer testing and calibration andi for general research. Amiong the hygromnetric
techniq inies discussed are lpsychroinetry, mnechanical hygromet ry, dlewpoint measurement,
electric hygromet ry, graviinetric hygrometry, thermal cod~~uctivity, index of refraction,
pressure and volumne measurements, and dielectric constant. De-scriptions are given of
suitable equipment for establishing desired hunildities over a wide range of tempe~rature.
A list of 157 selected referenmces pertainming to hygromietry is included.

1. Introduction
The conditions under which the relative or ab- terials, lpartictila'ly paper, wood, and grain, is

solute humidity of gases are measured, recorded, often required during some stage of processing or
or controlledi vary greatly, and as a result, miany storagre. The. equip~ment, known as mnoisture
miethods of humindity measurement have been die- meters, ulsedl for this purpose is not discuissed in
velopedorpIrolposedl. H1cwever, for somne applica- this Circular.
tions there is at present no0 satisfactory method In many cases a substantial gaseous equilibrium
available for such measurements, and the avail- exists between the. solid and the surrounding at-
able information on methods and instruments for mosphiere. A satisfactory (determlination of the
measuring humidity is quite scattered. This Cir- moisture content of time solidi can be muade by the
ciilar, withl the appended references, is intended relatively easy ineasuremeint of the lhumindity of
to aniswer inquiries on humidity mneasuiremnent in the atmosphere, onice the relation between the two
amore compiIrehensive manner than miay be done has b~een established. The samie is true, of course,
bycorreslpoi i(leince. for liquids of definite composition, excep~t that
Knowledlge of the moisture content of solid ma- the water content may vary.

2. Definitions
Relative huimidity is the ratio, usually exp~ressedl tioninig, is the weight of water vapor in air per

iin percent, of the pressure of water va4por in the unit weight. of the dry air.
gas to saturation pressure of water vapor at the IDewpoint is the temperature to which water

temeraureof the gas. In engineeringr, relative vapor mnust be redluced in order to ob~tain a relative
huiidiity is sometimes dlefinedi as the ratio of the hutmidity of 100 percelit that is, to obtain sattira-

weighits pier unit voluime of the water vapor in the t ion vapor pressure.
gas mixture andi the saturated vapor at, the tem- luist rinents fromt which the relative humidity
lppratilrp of tme, gas mnixtutre. rrle two definitions is dleternminedl are called either psychrometers or
are eqiuivalent for- -dl practical pirp)oses. hi'ygrometers. Generally, the dry- and wet-bulb

1 1).wlite. linim~d;/ of a qjas nL~rt ire may he de- instrumnent. (described later) is ca~led a p)syclirorn-
fined) as the Pressure of water vapor, or as the Petr, in(l diirect indicators of relative. humidity
weight peor unit volumne of -,vater vapor. are called hygrometers.

Swer;fl iiir 7y a termn of use iii air condi- JIygrogr-aph.,, re record(er-s of relativelhumidity.
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3. Classification-of Instruments

Huiiidity-mieasuiriiig instruments and mnethods of the variation in thermal conduictivity of a gas
may be div Id(ed into the following- classes for con- sample with water vapor.
venlience. No exhauistive search of the literature ~S'petrboseoper method. Measurenineit of t~he
was mnade to insure a complete listing of all prc- chiange, in intensity of selected absorbling spectral
posed instruiments, so that it is anticipated that lines with change in huitiidity of the g4as under
SO011W OnliiS~OnS eit test.

Pry1 - and wet-bilb. Measurements depending 1nbidcx of re/rartion. Mfeasurenineit of change
oil tile change in teniiperattire (ue to rate of evap- inl index of refraction of a moisture absorbing
oraition fromn wet surfaces, an example of which liquid wvith change in amibient lumini(litv.
is the dry- and wet-bulb or sling psychrometer. Prre;8Au1e or 1,o/1111. Mleasurr lent of tile prie5-

Mechuanica hyfromaeterxv. Measurement of a sure or voltime of the water vapor in a gas sample.
changve in a dimiension of an absorbing material, 7'helwwl rbw~. Measuiremient of the tellpe-ra-
such as huminan hair or goldbeater's skin. ture rise of a material exposed to wvater vap~or..

IDempoint indicators and reýorders. Instru- Mob i/ity1 of ions. Mkeasuiremienitof thiechange in
nients wvhich indicate or recordl the temp~erature mobility of ions duec to the, presence of water
ait. which dewv front the gas (air and water vapor) vapor.
mixture under test will just formn. A common Dielectric eon.ýtant. Mleasuiremient of the (lielec-
type employs a mirror for observing the formia- tric constant of a gas with change in water-vapor
tion of the dew. týcontent. i

E'leetrieal hygrometer. 'Measurement of the Critical flow. MAeasuremient of the variation of
electrical resistance of a filmi of moisture, absorb- pr~essure drop across two comibinations of nozzles,
ilig material exposed to the gas under test. operating at critical flow, with a desiccant. be-

Gravimetrie hygrometer. 'Aleasmin-ement of tween one pair of nozzles.
weiý_'lit of mloistulre aibsorbed by a. ioisture ab~sorb- lPiffus~oa hyrlrometer. MAeasurement of effects
ing nmaterial. (Ince to (Iiifasiomi~ of ga-ses With and with1out water

(a) Increase inl weight. of a drying agfent as- gas vapor~.
with a constant moisture content is passed (thcmnica in. e t h o d .3. Procedures involving
throu gh it. (chemnical react ions or~ phliloiielEm.

(b) Change in weight of an absorbing material For souirces oif supply for the inlstrumlnenlts in-
with chiange in moisture content of the gas under (licated as commlercially available. consisilt ?'honaam
test. i?_Rcq~ster of America -n 311ann facturcr.s or The

iherin~al cowndtctivity method. Mleasuremient Instrum ents Index.

4. Description of Instruments

4.1. Dry- and WVet-Bulb Psychrometer amnd the actual pre~slml'e of the wvater vapor mulst,
be known. This correlation was obtained by

Th'le lpsy('lronietric method of dleternmininlg hui- F~errel (26)1 in 1886, based onl thle (data of Marvin
Ilin (Iity is of importanlce inl the fields of mleteor- anmd HaLzen. wvho mnade ililmeroils ob servat ions of
olog. ~aim'condlitlollnijig. refrigeration, and the dIrv- wvet- and dry-builb readings with sl inhganid whlirled
ill of foods. lii inber. etc. Its basic sin ii l ici t V and1( psv(hrol meters, anld sii in nt a leous, determiinat ions
finiialnieiita 1 cal ibrat ion have mnade it the domi- of dewpoi uts with Regmaiamt and Al luard dew-
i man t meanms for measuinil g the imoistin-v* conltenit po int a lpparatu s. Ferrel, after. reducing these
of air. The elenmentalI formn of tile lisy*cliroll ieter (latal. fit te(d theml in1t1 thle expression
(oiil1)r'ises two tijerniouijeters. Thle bulbl of Onle
I Ilerlmoilleteri is coveredl withi a milloist ie~ll (ot toil- - A I( t -
Mr linen wick and is called the wet-blblll. where AviS were, in lliet tic units.
filie. bi111 of filie ot her t liermiion ieter is left barle and
is referred to as the dr~y-btilb. The eva porit ioniA 6.61 X II 1 1-i (o)1 lo t'
of water fron ft(e Ii joist cited -'%ick of tilie wet -bull) r m it ia 1p ressur e of wa ter. vapor li illminlH
ti lel-n ionl meter produ ces a1 lowerni u inl temperature at.Il (11 i 0 diy- tl bIeli l ~iat alle /:cC
aliid from tle, read i rigS of the two thleriironmiet ems r' =sil Vtit 101 e)ss51ilic of waiter~ vaipor ill nimi

a iud the air 0or gas pi('ssiiie. tile humnidity, abso- -i t the wet -bullb tcempei'at arc t'- C
fl~lte or relative. may be det ermni ned. It is curirent P~ total lwessuicr (whic ih, ill thle case of mete-
st aitla iir priclcice to ventti late tilie tlierilioiiiet eriS 0orologica 1 ol servalIioils, is a tmosphleric
by slingiing. whvlimliig. or forced-air, (irriullatioll. pressurie) ill 11ii11 Hog

TlIo obtainl thle relative or absol rule hiuini id itY. tile Vhi ae iin-I n I mrei it Ii uess I nd!vat v ti heIit vra titi re re t4 e ii cs a t

rela;It ion1 bet wveenI t Ie Ivwet - a I1( dry-bIlbeadiiigrs the -nd (if thisi lil~wr.
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and where, in English units, this instrumient. It is relied upon principally by
A = :,,;7 x 1j)-4 [1 + 0.00064t (t' - 32) ]meteorologists and( is widely used by other scien-

e~prtil pesstivofvat er vapor in. 1 at ists andl by enigi teer forl mleasuriing relative hu-
patiale dressurbempo aur t0 F' iiditv. Vent ilat iou is obtained by swinging the

?=sat trat ion lli'essuire of wate vaoHntieriiOiaeters to 1)1o(luce a miinijnaui air velocity
lhg at the wet-bulb temperature i' 0 F of 900 ft,"inin at sea level (higher at. altitude).

P= tota wsueili.Hg It is suppl iedl by fit-is manufacturing meteoiro-
al 1)iesutre n in _ -Ta.logical inst rutnent s aid by many laboratory alipa-

Staring rom undmentl coceps, svera idus supjdly houses. StationAry thlermonieters,
Sthertie g ha one fuendameve netat concepts. tovera- with vent ilat ion produtcedl by a inot or-driven fanl

thearies halie b~ietieni teatloped trhat theml w )et-bl or blower iiitegra 1w~ithi the inistriumneit. are known
paind whcph tIlen samen tha iice r yiel thl~e mion o as Akssmlanui or aspiration psychruome(ters (1. S. 12,
a MOatthe form tidmyer el. yI ieldfrs equations ofo (30) These are also coimnieriall v available fromt

ii fri usdb A h is ~tol o a smaller nu tuber of fimis. I1 1 m'idit 1at ed psv-Use i tpscrn wtr were dlevelop~edl ly Ivory' (021 c'hroiiters are unurel iable and hence ra relv u sedl.
in 1:,52 and ext einded by Aýugu.,t. (22) in 1812,5 and[
Ap~jolin (23) in 1837. Th'le so-called conivect ion In add it ion to the mercury-i u-glass; tlternom-
thieory is tilie result of theiri work. In 1911. Ca r* eter, other templeratuiire nieasurinig, (1mies m~S iay be,
iier (28, 42) and iii 1922 Lewis (S0) reest ab- adapted for psychiroimetric use. Resistance I her-
Iislied the basis of this theolry awii rnaunied it the inonueters, (47, 64, 70) thermocouples (6s, 69, 72.
adiabat ic satuirat ion theory. TIiiis theory, which 891 90, 10,S) ) and bimetal thermomieters ( 148) cani
(lef )eii is onl a heat balanmceat. the wet-In lb. founmd be used for both nd icat inng, recordinug- and coil-
wid( e accep~tanuce inl tilie air-conditioning amid re t rol. TIhernmocouples are (if special interest whlere
frigerat ing industries and has been tusedl exten- low lag is importamit, where t here is little or, io
sivel y iin thle conistruict ion of p)lychiiomretric charts. veiitilaition (72. 89, 90) or where very low rela-
The agiemomieit bet ween theory and( exlperiiueital. tive lunmidlit is (91) are to he inesutred.
(data was investigated by Carrier (28) and D~rop- Insteadl of direct temperature mieasuiements,
kin (87) . Thleirm rest lts indicate thliat for iiost the teiilneratut i of tilie tI eiunmitemrs mnay 1 e
wvork of en&gi mieem'inl- accur1acy, the adiabatic satti- eqjual izedl (140) . in t liis miiet 10( thle tempilera-
rat ion theiory is adIequiate for lpredlictiug- the vapor turie of thle wet-bulb is raised to that (if thle dry-
pressure of wa~terI vaplor front wet- and (dry-bulb bulb and the heat iieasu redl whiichi is requi iredl to
readlinugs. Maxwell (11) in 1877 deduced an mnaiiitain equtil ibrium. This is accompl ishied by
equtationi based oui tlie difFusion of heat and) vapor winding a mniamanin wiire heater around the wet-
thro~ugh~ a surm'face gas filmn on flie, wet-bulb. In bulb and under thle wick and mieasurini g thle cii r-
re(ent yearis. firthiter wvork has 1bieen done experi - rent. whlen tilie wvet- anmd dry-h ' l t hermonlieters
menitally (71) and theoretically (7,3) onl psychlo- r'ead alike. A coniveniient arrangemniit ut il izes- a
mietric t heory. and iii reviewinig the subject '(53). (Iifferemitial thermocouple 1 syclim'onet er whose

Aks tilie p sychromii etric forimutla gives the partial Out put is rendl ofi a gal vanuometicer. T[le c urrentt
pressure of thle water Vapor of thle gas unuder test, to the wet-bulb heater is adjusted uitil the gal-
a cotii)uitattion is necessary to conveit to humidityv vaiuoiueter iio longrer (lefvects.
in ot her ternms. The reative itnmioidity for ex- The psychironietric mnethod ofteii may he ap-
ample, is obtained fromt the equiat ion 1)1iedl in sp eci al ized or uncoiiveiitional cond it ions.

At temperatures below freezinig, the p~sychr'oimeter'
IJ~~r= e contiinues to fiunction, lint the miagn ittude of thle de-

Rl= X 10(, arvession is greatly redutcedl and( prioper' pt'ecaiut ionis
where niuust he taen to obtain reliable dat a (121). At

e the pumtir l pressure of water va pot' as d- ('evatedl teiiileratitres or low relative humuidit ies,
termined by tilie psychrometric formula special instruuieiits (56) , tabules (67) and tech

r,=tble satutrat ion pressur-e of water vapor at niquis ( 74) nutst lie used. 'Most tables and~ charts
the d ry-biml b t miperuu- 1a-e dle;igiie(ld for us a t iios-iei )rssi's

RH= tIh i'eliat~iv( huidt, n lue.W en iowv or high pressures are encountered, either
liut i~hty, ii pt'c(Iitsp~ecial tabiles ( 1,5, 44) or charts (,42) must h e utsed

Iii priactice, calcimlat ioiis directly involving thle or the relative humidity nuist hle cotijitptedl.
use of teI le~syclinnneiie c formnula, are irarely madle. Where the imoistutre coiitent of gases ot her t han
Thle cuistomlary priocedutire is to employ tables (1, air is to be dletermiined, the psychi'ouiwt t coiis ant
4,5,; 7,; 14, 1Q 16, 18,44, 7,.81, and 96) orvcharts .A nutst Ile niodiftied, to account for' tilie physical
or curv".es ( 1, 9, 18, 77, M2, l1t), 107, 115) that con- plroperties of the pairticular gas. Values (of AI for
vetliict lv a ml rapidly yield thle relative. hlumidity, s'ever'al miono-, dIi- aiid triatomnic gases am' gi veni
vapor' piressumre, or dewpoitt fromt the. dry- and by Brauckhoff ( 143).
wet-Ibimlb thermometer r'eadhin gs andi( the air Amiong the factors infitnuenig the performance
pressure atnd accuracy (of the psychuromietriic method are (a)

FIle slinimg psychuomietr (1, 8, 12, 15, 60), using thle sensitivi 'ty, accuracy and agremelnt inii radiiig
two mner'cury thiermonieters, is thle Commoii form of of thle thermlomleters, ( b) the speed of aiir past the

3



wet-bulb thermometer, (c) radiation, (d), the size, TABLE 1. Error-in relative humidity due to uncorrected

shape, material and wetting of the wick, (e) the errors in the thermometers

relative position of the dry- and wet-bulb ther-
niometers, and (f) the temperature and purity (a) Dry bulb thermometer reads correctly; wet bulb thermometer

of the water used to wet the wick. A discussion reads I deg F low
of these factors will he found in (1, 8, 12, 15, :35, Error in relative humidity at a wet bull) depression

37, 46, 60, 74, 78, 90, 98, 121, 151). Dry bulb tern.- of

The thermometers used in psychroinetry should per:tUre
be high-grade matched instruments, else a )pre- (.1letg F 1.0 deg F i 10deg F

ciable error niav be introduced. While a calibra- 1. J

tion of the thermometers is desirable, an inter- 1,4, 2.:6 C.C 2.1

compl)arison at several temperatures to determine 7.5 4.3 ..5 2.9

whether they read alike usually suffices. In addi- 50 6..7 6. C 5.6

tion, when high accuracy is desired and low rela- - 32 10.. 3....

live humidities are measured1, correction.,- for tile- -
tiehm idtiestem or the wealetblb correctionsmforethe (b) Dry bull) thermometer reads I deg F high; wet bulb thermometer
einergrent stem of the wet-bulb thermometer readse correctly

should be applied.
Thermometer ertrors may combine n several Error in relative humidity at a wet bull) delreqsion

Thermmete erros ma comine i sevral ry i1 Inm tom
ways to influence time accuracy of the relative hut- perature -_____em- _f

midlity. Thus either the dry-bulb thermometer or 0.1 de(g F 1.0 (leg F In (leg F

the wet -bul) therlmometer or both may be in error. -- ----

The magnitulde of the error in relative humidity O ;Z1o N5) 2. 6 25 2.4
will (ipeind not only on the magnitude of the n0 :1.5. 3.4 2.6

75 4.5 4.4 11thermometer errors, but also on their l)articular . 6.6 G.4 4.3
cll)imiation, since both time dry-bulb temperature 32 9.S 9.4

anl the wet-bulb depression are required for a
(letermiination. Occasionally, in psychrometric (e) I)ry bull) thermometer reads I (leg F low; wet bull) thermometer

work, i!istead of measuring both the dry- and wet- -- reacts I deg- low-

bulb temperatures separatelv, the (d'y-ullb telun- Error in relative humidity at a wet bullb depression

l)eratllre and the wet-bull depression are meas- Dry bulb tem- oc-
ured, from which the wet-bulb temperature can perature

be computed for tise in entering commonly avail- -.- (legF t og, F it) cleg F

ablle tables. The latter is obtaineod by measuring OF ((II

the teml)erature difference with, say, a differential 150 0.0 00.02 0. 1

thermocouple, one end of which is maintained dry l750 " .532t
•ti d the other wet. HIere the errors may occur 50 .1.24 .1 .24
ecither in the dry-bulb measurement or in the (1e- 32 .0) . . .
p1ressioil measurement or in both. Errors in the ((I) Dry bulb thermometer readq t dee F high; wet bulb thermometer
del)ression. however, may be considered as equiva- reads I d(eg F low
lent to errors in the wet-bulb reading, so that es-
sentiall, the combll)inations of errors are the same Error in relative humidity at a wet bulb delressionI

as those first listed. peryature - -t - -- -- - -

In order to oe)tain an estimate of the errors iM 0.1 deg F 1.0M eg F 10 deg F

relative humidity arising from thermometer er-
rors, it will be assumed that. )svchrometric nmeas- 10 . I,.o 4.1
urements are made at atmospheric pressure (29.92 IN1) 7.11 6i.S 5.4

Tr a o 00,75 .9 9 7 i. 7in. Hg), at dry-bulb temperatures of 1501, 1.0 13.1. t. 0 2.. S
750 50°, aind 320 F, and at wet-Iulb depressions of 32 t9.s I)).:t

11.1, 1.), and 100 F. For these given conditions,
the errors in relative hunidity, (tile to (a) a nega-
tive error of 1' F in wet-bulb temperature with The psychrometric constant, A., in the Ferrel
the dry-bulb temperature correct, (b) a positive formula is not invariant but is a function of the
error of 10 F in dry-bulb temperature with the velocity of ventilation across the wet-bulb ther-
wet-bulb teml)erature correct, (c) an error of 10 mometer, and reaches a minimum value as the
F in dry-bulb temperature and an error of 10 F velocity is increased. This is reflected as a maxi-
in wet-bulb teml)erature, both errors being nega- mum wet-bulb depression. Any further increase
tive, awl (d) a positive error of 10 F in dry-bulb in velocity will have negligible effect. When the
temperature amnl a negative error of 10 F in wet- velocity is sufficiently high so that. A, is constant,
bull) temperature, have been determined and are then the magnitude of the velocity need not be
given, correspondingly, in table 1. It is seen in measured or estimated. For most mercury-in-
(c), table 1, that the errors are greatly reduced if glass thermometers with bulbs 1't-inch diameter or
time thermometers are matched. less, the acceptable minimum rate of ventilation is
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9004 ft/mmit. If this Velocity is not, achiŽeved, thenl bulb wvill remnain or qumickly attain thle. wet-bulb
tile nieastired wet-bulb dlepression will not be. a, templer'ature andi renmain at this value for anl ap-
nut xiniumi. and the use of thle psychroimetric for- preciable length of tinue so thlit it can be read
miu In. tables or charts wvill 1 ield valuies of relative easily and accurately.

littmii idit v that are too high: A separation of t lie dry.%- anid Nvet-bulbs is nec-
Thle he'at, ab sorbied 1)*y the wet-Itl b (due prin- C55n Iv ill ordler to pilvetint thle :tit thaIIt pase tile

cip:1llN to radijatioin ted to rais til welebul by lie (alborttu
temperature so that. a tru'ie dep~ression is not at- water, from cotitacti n;, thle (ir-,y-bull) andl givingi
tamned. To minimize this effect, iadiationi shileld- irise to alli erroneous dl.ý bullb) readinuz. To avoid
ini.: I's comii nomlY em11ploy, ed. Onle niet hod of such this, the thermiomet ers m1ay iie arralnge( so that

lihieldingn successfu Ih1v used inl some ventilated psy- the air flows across thle dry-b:ulb before it reaches
cliromleters, is to smtrtoiiiio the wvet-hulb wvith anl the wet-bulb or the air sampille mlay, be div'ided So
external primnary mnetal shiield anld to insert, anl that one parit flowsac ross tilte wet-bulb anld thle
auxi liarv sAiel between thle primary external other part across the (iry -bulbl.
shield nuid the wvet-bulb, this auxiliary shield beingr
covered with a wick so that.. uponi niloisteimiig. the 4.2. Mechanical Hygrometer
a mix i 1in iv shiield muaV be brought close to the wet-
bu1l) I eitperatur-e thiereby * v ractically elimirniatin g In hygrometers of this typ~e. liminati hair is coin-
lie sou rce of radiation a mid conduct ioni due to the tiiomilvy u sed as thle senlsi iig eleieneit. Ill ind~icator's

di Iferetice 1betw~een thle dry- an %v1 et-bulb temni- thle midp ohit oif a bmitule of ha~iirs uindler I eiision
per'aturme5. is connected Liy the simpillest possible lever s v steni

The funct ion of the wick is to ret aiii a thin filmn to a pointter. Ili recorders a peti arimi. %vlt icli is-
of wvater onl the wet-Itl b soi that evaporat ion miax' subs5 t ituted for thle poiniter', traces a11 ii1ik record
colit i nize 1i ut i the trtue wvet-bid I) tetlleratiire is Oil a1 Clock-(lriven d1rum.
renacmed. Cottonl or 1 i nen tuithing of a soft. mlesh TI e hair hivgroitet er itid~ica tes, relative humid-
weave serves well for t Iiis puairpose because of its ity d 1irectlyv over a widoe inange (if temipieratutre. bu t
excel lent wvater-absor eiit. p~rop~erties. Sizing iii it's rel iabi IitY rapidly dlecreases as thle am11bient
the wick niat erial. enicriistat ions forming a fter use tenliperatttre decreases b~elow freezi tii (W C).
ait o lack of a sti tt-( fit ititerfere wvith thle mail ite- At temperatures, belowv freezi tig ( 00 C) I lie ha ir
niaiicC of a (otit iim l ttit iliii of water. Su bstances fivgr( )tiet ers ind~licate relative liuitmid it v ill tern ts
inl solution iii thme wick water, dule either to iin- of the vaplor priessuire of suiper'cooled water. tiot
puriiit ies oil t he wick or ill thle water usedl for iiiois- thlit of ice (117).
teningm will chtanige the samtuiratioin vapor pressure Thte chief defect is the lick of stability of the
of water ainid hence atlect thle, results. Wvicks cal1 ibratioti under ustial cotidit imis of utse. How -
shoild therefore be cleanied andl rep~laced fre- ever, tests recently comipleted at thliis Bitreni onl
qtietmtly . atid dlistilled wvater' shottld be usedl for twvo g-ood quality recorders iindIicatedci little aver'-
mloistenling. The wick should extendl beyon i~l te age shiift inl calibration over a p~eriod of almitost I
1buhl 11and on to the steimi of thle tlierimmotulet er, for an Yentr: tilie hyvsterIesis (doifferenice. in itidicat ion. hill-
itich or so, iii ordoer' to redluce. heat cotnduction tnidlit Vi ncreasing andl (ecteasitigý) was oif the
a long thle stetti to tilie bittlb. o '(i'of 3-reiteliv hitdit. ee(..

Ahtlhoutgi the temipleratumre of thme wvater uised to 12, 38, 45ý'. S3. 88, 117) foi' performance data.
ii toisteti thle. wick is often at driy-btulb teniperiatutre, Rel inble dat a onl the lag of the hiair hygronieter
it. slitld)1( be prefetrably that of the wvet-bulb or are lackitig-. lpnrtjctmnulyr at low temtperat tties.
sl ighitly hmigliet. The lisp of w-atet' thlit hans beenm Suddoetflv suibjecti tig hygrometers at about 2-5' C,

brm lto I thle wet-bulb) temiperat tire is espiecial ly to a climi mge inl rel ativ~e liuttiidit y requires of thle
impi potant when thle amibietit temperature is high or'der of 5 minii ites to indicate 90 p)er'enit of tile
andl whenl the relative hutmidity is lowv. chiamige ill relative hiunmidity, this time i ti1terval in-

If t ie( temper'atutre of time water usedl to wet creases wvithl decrense inl temnperatuire of thle hairits,
the bulb) is too hiighi, it tnlay take a ]olongx timle for antd is of the order of 10 iiiies greatet' at - 10' C.
the bi ilb to cool to wet-hutlb tempierat ure. ando Thie effect of tempileraturte onl the cal ibratiomi of
1before th is poinit is reached the( wvater inny have hiygrotiieters cotimimerci ally available is tiot well es-
eva1potateol suifficientithy so thlit tile thIermiometer tablislisied for temutperat uries below 00 C.
never reaches thle wvet-bmtlb teti 1 )CIiit I. If thle At tilie best, i id ica tioits of thle hait' hivgromneter
ittoistelitl i wig'ateri tetiipert'tit te is a ppr'eci ably have a rel iabi Iitv of about :1 percent inI relative
lower tu h thtle wet-lnihb temuperatuire. thle thleu'- 1 ntittiid it ,v ait root i tellieprature whien exposed to a
itiotteter templertiutire will cIimiibb th'ougrhoutt tilie cotist a tt relat iv' hiuiiiidit y long etiotugh to obtain
period of V'mi.Int iot(il, retia i iii g cotistatilt It tilie equiti1ibt'ittii. The lartge t imie lag of the hiaii' ity-
wet-bulb tempilerau'ire only as bugl~ as tjltet' is stif- g'onineter is a seriouts barrmier' to accuracy if chmatig-
ficient water' to keep the bilum Slb tt'totiidledl withI a i iig limumidity is bei tig nieasiitedl.
tfin of water. If thle tetiipem'atittte of thle water' '[lie hla ii hiygrotmiet er is finale by a large. numin-
used for moistening is ait, or slightly above oir her of itidmistri'il itlist rumnetit 'omupatiles, including
below~, the( ivet-bimlb temperature, theti the wvet- nmeteor'ological instritienet. firnns; thme hiair hygro-
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grlaphi ( recorder) is mlade byv a1 Smialler blit still crvý-t al imelvicits. so thim supe) isatmii'it 1)1iih omay r
hi rge iiimnber of these firms. Stipersat iirat mul is less likely to occur with' respect,

I'lle hair elemenet wvithI sititatlle atc(e..'oiies is to til liequid11( phase thalua wit litlie ice phase. At :I
wvidely ulsed as, a liiuiiiidit v ((liltroller ill air-cOlldi- giv-en s lotatinl pressutre.ifiede tntftt

t t~~iiig ailI Idot her allplli("It icuii,. olezr sits il the ulirror., dew wimll fmini as t lie iii11 r eii
evientii jut iittettsiiieitsirti aiiitthiiii- leiittilre is; lowered,. lietice there is always a little

]ItN, is less tr'oublesomie NNhlen tile relative Iiiiiiii(litv 1iiivei'taiiit N- Nvli hert lip ie fir-st cluutdiitg o f thle 1iiii
afmitit the eletiieixt is Ilailitainled llwailv eollistaint Vol. replesellts the, cewpnii~t ýWitl AiI ' lleki
(501, 62, 129)). Contrtol]leis arie ;ivailahile frntii a water) or the frost poi ut.
sizable nititihber of i ndttstrial inistrumenvit firmis. atiso tlestititmuvIfP1irsie(f

A revenit dlevelopimenit in this cou tntry has been Ia r t t eli ljpela t i ie 1111(1e tal ii i freezing.
tlie Ise, of gordldenuters. skili inl disk fomi ii~v Ser-de-- aMe read11il% available ill vtInsli ill14c aiI

(131)) It is chia iied, but nuot vet general1 lv a- cnimpiltationis (1, 2,4. 6. 15. 1(. 17. IS, 12S).Ter
celpted. that thle performance is essentit l better is Sotlidicnd1nc ill tile va11gie i tjjie

than that o~f the( liuminin-liair type. See (134) for listed referenices. I luwever. fm otIiist lli~tiii
per~fomntfice data at low teiiil~eralt ies: as, for tile ill thle field o)f hitiiiiiditY 1 tiiestitetneutl or1 coltrtoL.
hair hygro-mieter, thle Itnlicationt at tetmperatutres t here is little' to he g"il muid iitllt HIP~ WVOf atMV nile
b~elow%% frepZin1,- f iiist riuttlenlts enit c rcl tabile ill lieferi'ltie to the( otlivr-. Thet v-:1ll0es
above ft'eeziiig'. is ill terims of rela1tive litlitiiditv yof grN(ive inl table 2 are reproduced frotut tbIvtui i
lihe Vapor pressulre o)f Supjercooiled water. sOtliala AMeterolou.rival 'Fables ( it*). .Ati tvilhiet-1-
Manly o),(.lgatli iluaterials are hiyg'npscop)ic. Tfhus tuires below W) C. thle satitttlou vaor tcuute

Jvn iber-s haX- bt eet ulsed as a SetIlisi iu element, refer to ii ater vapI or ill ec lii]iIliib i i over tee. Sat -
Also p)last ics ( 152) ill a1 formn simlillar to bumnetvil 111:it01 inn lm a pirvst'ýtijs utf N~aier viit)O below 1
have Some applicat mu l and petliaps are ti( le titst C in 1eqimil ilrituuil over superconled Nat er arme ._ivenl
opl)lt to explorttitinl. A ('(ltoii fiialament as a tor- ill t Wbe 31 antd are irlit(Oiced(~( froml thev Ititertia-
SIMn (1eleineit l3) ha livent tried. N~mie of t lise tita ( 1 rtc l Tbles (17).
seetit og eelei ~ll bte , ifS~r(( gon l liermcr- Tile dewvpoimit itist rtmnietit s'eives, as a ulsefull r-e-
-mtce itslmt, t hairaid thus fat' have had only serhtoft'tle(eetiiltitl(flindtvii
l i itiiitecl app)hicatiofl. tnetevorolýgr- ais wvell Is fort tile (etet'iliiitlt n of

water vilpo)r c()tmtetlt t1t flue gaISe.S. ga~sonl te vapors.
furn lce '-ases. cotitptessed gi'l ges atnd closedclam

4.3. Dewpoint Indicators and hers. While tilie demvpoinit inst rumieint ha~s been
Recorders undr cnlkeihT devlo`V0~Pmet ill tilie past dIVC-

ade.l~nt-ei11ily lnug tile Ii :ie of impjrovX-ing tIlec
Whlen watter' viilmc is cooled, a tempjeratu tre tempelratutte control, mneanls ot itndicat lotl. and atl-

is reached ait whi ch the phase chatimges to 1liqumid1 tomitat ic irecord(inig it hats b een used ill eleunvletutal
ot sol id. At t Iiis t emptieraiturie. conidensat ion con- form as fatr back as5 tlie( earilv parit of thle last
timitts ittitl an (eliuiilibriumt betw~eeni tble vai oratd (entitttv. 1)altonn atiid I)altiells used slimple dew-

hic i i orsoidphse s stablisie1.The tveim jera- point hyg~r-ometers. Regn a utt (44) developed an
titie at wvhichi the Viipor' and liqutid ot vapor anld ime~nimmiietIlt t hat has betiL used as it poltoype ami1d
solid lplisl's atre ill eqiililibritini lituiquely fixes. the( statidlard for nmVeal's Itn the tliieasuretietilt (if

prsi'e of the vapo 1)1' liase ( satutratttto vap~or atmtosphdetric lhumini dityV. Esseiit iallh, it conisist ed
preti'e) anld therefore dletertiniies tilie absolute. of a1 thinl polished silver thimble conitainlingr ether.
lIitimill(ity. A it %N-aS a1i5J at ed tbl-(Ilrtgll tilie etiher to' callse
If tilie t empt er'atur te at wvhich water v'apor' must. ev'a por)i-t in ando ljlet(-e ('111tig f tlie( tblunde

be coohec 1 for' it to be iin eqitil ilri'iit with its liqtuid Time teiilet'at itrie o)f thle etheiet' at thle appiearantice,
or. ice stat1e is meaisu tred. t I eii thle II 1iilidit v is ob- anld udiý ppea raltice of dew vwas ohbserved antd the
tamled direct lv frotm it. Th~e. dewpoillt *lilet hod mieat] taiketi as thle (lewvloiiit. A thlermuotmeter itl
hprovidlýs a coitienietlt techiniqute for asceutni iiiii t a g tSecond thlimbtle. niear tilte firist. giave tile aillibieti
tiiis tI'it ')e.'atilure. Basically, tile pirwe'd irte is to tetm])erat t i'e- 1i 1d, by (coilarison'i0. the second
reduci(e the I etilleratltire of a miirt'or until (dew or thimbule, lie]lped ~in theý recogniition of tilie apipeart-
frost j ttst coidetises fromt the sitrrotiididm amir or amice and disappleitaiance of dew onl the first thlimible.
gas sampllle. The teniperature at the sum eface of Impr'ovemients and11 variat ions of tilie Regiattlt de-
tile miiirror' at the itnstant (hew Ot' frost appears sigil were tiade by Al luard (2-5), aiid ot hers (32,
is (lefitied as thle (1Cw 1)itit. If the. tetmpeirattutre of 41, 45, 15, 5)
the air or gas sample is Meastured andl tile initial The early niodelhs Ilsedl ethetr foir ('001 itl and
hum11id ity of tile. satiple suiirrouninliig the mnirrtor mnlercUt'y-in-'glass thermometers for temperature
is kept unaltered, thle initial relative humilidity and measmiienwnt. Recent mnodels hav'e eimployed
cani lbe comtipited fr'om a kniowledge of tile satttma- Such c'oolinig Schenmes as5 comipr'essed Carbon
tiori vapiIor pressur'es at the two temtperatulres. dioxide, dtry ice, liqtuid aitr (for very low% dew-

It shiotuld be noted that thle formnationi of firost p)oiints) and1( inechanicith refriger'at ion. Iii hidli-
is not. always positive because. of the lack of ai t ion, mietal mnirr'ors are inow commotnily used, the

6



TA~i4. 2. Saturation rapor prrssurf of water vapor in millimecters of vicrcurq with respect to w-ater abort, O'C an~d with respect
to ice below 00 C

(Reproduced from the Smithsornian Meteorological Tables)

Temp ~ 12 3 4 54

-71) 0.0119 -- ---
-41)) - ~~ I)4 R I 44.14470 (1. 4)441) o. IN 1)53 (I.4) 4 ).6 R 44) W4 "I0 I4.()K.. (0301) 4. 0444442

-.,) .02M94 .02(41 .)0229 .020.. .11179 .4) II ~;ý037 1 .4)42)W .010)5 0441192
440 0190414 .0448.51) 116 184 . 4)4)445 I ; 1-76 .41421 .41:17:) :4)329

-o 21478 .25W4 ZI,) I )144 18) -N I4184, 1511 1352 .12)W9 44
-20 7854t .7its C45 NK4 %5303 .484 11 43)It S:tS' .35) .3194

4)) 1.94 IR : 1 1. 797,1 1. 61444 1. 5029 1. 3726 1. 270-5 1.1421 1'44)0 106 74 .8)1)
1) 4 54'A1 4. 211$ ýe. "1 is 3.5775 3.290)7 :. 02 IS' 7785) 2. 55415 2. 13%45 2. 14 4 r

7,84.)N 2 4. 9r24 -5. -9 1 5. 6,2 45(4) 09SI . ,I 7,'42 1 7. 53 S.04445 X. M0
11 922)) If. hif; 11). 521 11, 235 1)1. 92 12. 71)) 413.42 1 14. Ni9 15.4.17 161.4S9

'4) 17 548 1S. 4i 1415 19. 844 '1.4)87 22.:W.4 23". 7N) 25 246. 76~7 2%.38)) ia. 1)7)1
* t :;I' 11 ii 4,4) 2. 735 15. 7.1 37 75 29. 917 r 42. 227 441 li' 47. 127 .4 19. 756 52. 510)

4o . 55.3%44 59 .417 64.5) WI ) f; ,S9 I AN. 3.544 71. !K14 75. 7-5 79. 7):; Kt. K10) NA. 14)0
"11) r 4-1, ) 1)72 m)2 I,,- -I7. 3I:; I 1)2.4f14 1118.21) 123ý.1)S 130)414K) . 1361. 261 142. 7S

4)4 I41f7t51t2 5 4; 171. 5t) 4714.52 . .1187 7-, 1141., :1 21", 191 2)4, 41 22:1.148
70 21 1 9) 24.9t;2.. ' 4 ¶) 277. 43 'S9 31 ' 3 111 I5) 'I' 327. to4 3))1. 25
8I 3155. 111 :1;74.. 1'5 " .5 J6)W-1.1 8) 4)4G. ¶49) 3. ..7:411') 1$.) I if 184 4817.2N 506)131
'01 525. 17 5M4. 261 -.67. 20 s I78 8)) 1) Its 41340, f; 657. 75 4182.18 7)07:35 7112

IAfli.i4 3. S8atuIration4 rapor pressure of water vapor in mmn mlerC)rur with) respect to supercoolrd iratcr

(iteproduced from the Internationlal C ril iCaI Tlables)

'I'Fel)4, 'C 0 . 1 2 3 4 7 6 8d1

1)457-9 i 4. 2N8 3. 956 3.673 3.410 3 141 931 2 2.715 2.514 2.3261
-10 2. 149 I 1.98r7 1.834 1.091 .5W0 1.436 ------ ------ I ---. . .----

wvarminig of -which by heat f romi the amibient at- in scientific laboratory equipment. Dew pOint in-
niosphere has been auigmented by electric resist- dicators and recorders employing photoelectric
aiice or induction heating. TIhe temiperatuire of (letectioni are made by a, limited number of
t lie miirror suirface is frequently nmeasured by tlier- mnanuifacturers.
mo4c0411)les, affixed several hutndredths of ani inch Several dewpoint indicators have been die-
below the suirface or actiitlly on the suirface of veloped that are of novel form or of specialized
tile mirror. While mercury-i n-glass tliermom- use. An instrument for use at high pressures is
eters are still used, their high lag introduces anl described in (133). In another instrument the
uncertainty in the temp~erature readinig. Ini one sample of gas under test is pumped into a close~d
iiistrimient, the teniperat tire is mneastired by a chamber and is then cooled by adiabatic expaiisi(Jit
carbon dioxide vapor pressuire thermomieter in to a lower pressure. By repe'ated trials a lresstire
which the mirror is integral with the bulb ( 19). ratio canl be sek-tred so that, a cloud or fog, is just.
VUsual observation of dew or frost hits often becen forniedl when the pressuire is stiddenly rtcleased.
replaced by photoelectric detection of reflectedl or The dewpoinit is compuited from the ratio (If (he
scattered l ight fronm the miirror alld is iilldicat ed initial to final presstire andl the nieastiii'cuie of
oni tn electrical mieter. or amittoniitical lv recorded, the initial temlperatiire. One version (If this inl-
Th'le otput o)t.(f the, phiotoelectric ci rcti itlus beeii strumnent. (4,5) empllloys a vacuttiti I )iiiiJ foir ex-
tisile a~lso to control the hea ,t inpit to the miirror lutustilg a1 reservoir'linto which tile gras sampijle
a mld thereby to maintain tile mirror temperatuire eventii~ttlly is expanded. A conmnercial vers~ioii
ait the dewpoiMit. Photoelectric observat ion below (1:30) uises a. smnall hand pimip for comlpressinig

lhe frost Jpohit has several adlvantages. Elec- the gas samphle inid( then expands the gas iiito the
t r))iie cmircuits may be emp)loyedl that itlit(4iIltti- atitiosllliere. No adequiate data onl pem'fornIltnlce
caIIs 11) inahtaimi a constant fimin t hickiiess oIil the limits are available.
mirror. There. canl then be little quiest ion of A polished rod or tube of high t hermal conm-
whet her' the. liquidd or solid phiase is inivolvell. for dctivity, heate'd at onie end( and cooled at. the
suilper('ooled liquid will not. long exist under such othler eIIll so that dlew formls oIil part of the rod
couiol itjomis withouit chaniniirg to ice. Therew~iI llbe (43) has Ilecii used to olbtai ii the dewpoli t. Th'le
nO siI persllt a rat ion for lack of a crystal nucleuis. ternperait iii' of the. rodl ieastireol at. tle dJew

Fo4r information onl thlese later forms of dew- lomimdar * is the. dewpohit. Tfhere has beeni no
1poi1nt inidicators and recorders op erat ing at atiurns- coillililercia 1 (evelopnieuitt of t Iiis (device. Unpulb-
phlel-ic pressulre, see ( 79, 9-5. 97, 102, 104, 111), 127, 1 isheod da~ta iilldicate that. it is unreliable at. dew%-
135. 142. 144, 145, 146). Dewpoiint imlilicators re- points blelow the. ice point (0' (C) becauise no satis-
(liii i ig visuial observat ioii and maiil~ operatinig factory ice-no ice bouindary is obtainable.
(of the cooling system ar1e available from olaiders I'se has bpeen made of tile c')utge ill conlductivity
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bet I Neel el vIect l( ode.. oi gi 4"ass tI IIIII ib 10 for deteOct I h I I ygor h%- osp IC coating, of p)olvvi iivl acetaite or( poly-
Ihe dew j 0 lt. (45, 5)9). Vil alcohlol and( (lilite lit liltilli chloride :-oiit mu1

'11W, (levON')i ut. met101iod nify be aiMSidereOd aL is pl aced I et weeii I le w!ires. At conist anit t em-
funldamlentlt i teclhliqiile for deeni ri vapor pe ratur Ie tile loga jithIiiii of tile electiricalI re'i'st alice
pressure ori- Ihumidity. However, the certa inuty of h etNweel i tlie parallel wvires varies appr~oximaiitelyV
Itile (fe%%poilit iiieasilreliieit is influenced by se%-eral hiwr il tile loiraritini. of tile relat ive liliiiiid-
factor's. S0110 Of Which aleV Of 511(11 illideteilitill:te lt\ andl is hineasllred bY a suitable Wlieatstoiie
I Oil IIlre as to Inak all estimnat e of thle accu racy di Iii- hloi dge. preferably iisi i _ alternat ing curIrenit. or
cult. It, is, uot always p)ossible, to measu're the ot her :ilijtable. electric circuits, rhle electric re1-
teliilertitlire of tilie 1iii rr()r ait tile siI li-ce orIl to as- sisi alcea~t conistant. rel ft ive humidity is hig gilIv de-
sur e fIw lioi 1( uradlieiits exist across tilie surface. pedeiiieit 111)01 tenipei 'ttire, especiallY at tempera~'n-
Tff1 visual d (eteeltloln of the inceptio lol(f conlens'a- il ir(-, hiel ow 00 C.
0,)n1 cannot be. imade with comp~lete assurance nor IhieIgrolneter pr~ ~iimarily developed fo r
is it, probabille thait two diffierenit observers, would It51' Ill radiosondles inl which the output is fed( to a
detect. tile dlew or frost, at tilie sanie instanit. It is ra,(ilo t ransunitter anidconitrols an autdio frequenicyi(..
ulsual practice for thle (lewfpoiit to 1)0 taken as the It Is, w\i(lelIv iisedl for thIs purp)ose andi is iiialu-
a verag'e of tilie I eunperatilre at Whlich dew or frost fact turel by' a iinumber of firms. Ani indicator anid
is first. detected, onl cooling- of thle nliir'Oi'. and the at conitrollecr for industrial use. is now available
temiperaturle att. wlicli the dew or frost vanjislies, COiiiuljii'illy.
oil wa rillilig. of the mlirror. Tiprcd edos Ailmntythory of the electric hygrom-
not, mis-Ilre it correct answer since (lire 11111A 1)e eter hmis been pr~oposed'by Schaffer (132).'
I aken to locate the thermometer, so that no tein- Simi ilarly, as for tile hiair hyvgrometer. the chief
peratulre gradient exists fromt the cold( source to defect, has ])eenl inl stability o;f ~calibrat ion, which
tile 11irror face or to tile.. 'gas as a whole. The seemis to hiave been overcome in the mnodel for inl-
phlotoelectricm detection of ti10 le dwjoiiit lislially (Ilstria~l use. Thle continuious appl icat ion of di-
dlep~ends up on achieving an equilibriumi condition rect ciilrrent causes polarization with a resultant
of) tilie mirrior slirfacPý dun ugii wh ichi the a i)011int of shti ft inl calibration and ultimate (leterioi'at l1011.
dew Or frost. remmiinls constant. It. has been re- At t emiperatuires above freezing, the. resp~onse to
p~orted ( 146) that the dewpoilit so umeasured, (lown lhlInlidtv chang11"es is rapid, but a't lower tempera-
to - ~C, agrees onl the, average, to 0.1 (leg C tures, timie lagys are alppreciable. Somie data onl
withi the (lewjpoint ineasiire( v~snally with a thle performance at low temperatures are given in
Reglimilllt, inlst rum enit. (134 and 150). One of the advantages of this

Th'Ie unicertainty of ineaslumingr thle dewpoint de- design is that it is reniote indicating anl adaptable
(leases wit hI (lcr;ease in temipeirature. Below low for control. See also (113 and 114).
0"~ C lilliceitaility definlitely exu4.z! -rfifpth eve. is uised Dewed. Another formn of the electric hygroinl-
for del ect iii, I ilie first, sigan of condensation, for it eter is the "deweel". which is remote indicating
(aiiiiit. (list imigilisli or (lifferentiate. between the and can be used for control (130. 1--0). 1sveI I -
l iquid anld ice( phtase with tilie inimute trace of water t 11 i. ndiaesthe epo it eperat tire. The
imvolved. W itIi a. phot~oelectrlie systvln nj l llWichI ssIg elmn.'_n l lva the TIlnniorel -
thle m1ii-rt 111 1 ternat elv cools5 and thieii wvariius so inent, ha:s at parallel wire wvi liing with tile lima1-
(bfat, condeinsat ion fo)rms aind evap~orates. the, tonial bet weenl thle wires kept wet withl a Wick i li-
p~hot ocell1 is likewise i neapailde of determining ~'gnie with at saturated solution of I itliniu
whetlbeu' thle condeiisat e is 1liqulid oir sol id. With a (liloride. The element is heated by a n electr~c
Iplot oe~'ct lie systein il whtichi a constant film clirreli passedl between t be p)arallel wvires ilintil its
thickness is alit omaticallv maintained on the teuiiper~atiire is such that the element neither loses-
mirr or, ice. will fornil onl thle mi rror, for, as pn'evi - noPan osuefo hesron iga ns
ollsly' exp~lainied, silpercooled water cannot long plier.. The electric resistance of thle. elemuent Ilt-
exist oili a free anid exp)osed surface. cre1(aseIs if the temlrieratiire is above the equilibrium

IDewpoi ut inlstrumeneits have b~een buiti wt~ith re- temp~erature. since thle solult ion concviit rat ion ill-
p~orted sciusit ivities of 0.10 C (27) and 0.1)10 C' (97 ) creases byevaporaitioji, and1 vice versa. andl thus
andl withI reportedl aiccuracies of ± 1l percent of tlie vapor pressure of the solution onl tile elemtent

the a ioi' ~re~uret 0) atte~~eralir~ ~is anlt onlat ically broughit to andI mainita ined inl
freigad--'C t 7'C(2) equlil ibriuml wvith the surrounding vapor p~ressure.

frezilg ad ±10 at - C 127. The telliperat nie of the element, wh~ichi is mneas-
hured either by at resistance or liquid filled ther-4.4. Electrical Hygrometers Ilionleter. determines the vapor pressure of the

P1iorv. Thiese h.ygromneters coiiilllolilv dv- lithli um chloride sol ut ion which in turn equals thle
pi~lId 11Il t)he Ii chlia le, in electric re(sist aitee( of :1 pressurie oif the wvater vapor in the 5'iri'olun(in g
hygrosoi 1:ella 1ia with Ii(1lialle iln l11iii ilit% a. t nii(151liere. The scale canl 1) graduat ed in t ermis

Iv (I ie P(lsi" gla, hargel developed l)v 1)1 tul'(lir I, of dew pin mt inusofa r as thle v'apor pressures, for
99, 10,8) .W), 1)11 prall el w ires oft a nob le Ilet min arme satuiiratedl lit hinum (1h1oridi(e arue accurately known.
Woilid up1(1 11101 a ol.Nst.Yerelle cyl i ider or Strip.l~ A It is ap iroxiuliat el v 15 percent of thiat of water
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down to temiperati're. of about 00 C. With cer- been investigated by Burbidge and Alexander
tain restrictions the dewpoiiit is measurable in (51). The logarithmli of the resistancy of these
the range - 16 to + 160' F. Stability of calibra- materials is proportional to relative humidity.
tion ulnder service coiiditionis is claimed.

This instrument can be used for remote indicat- 4.5. Grayimetric Hygrometry
ing, recording and control. It functions best i4
still air, and when the ventilation of the sensitive a. Change in Weight of Drying Agent
element becomes excessive (greater than 50 ft/
minm), suitable means must be used to reduce the The well-known gravimetric method is accepted
ventilation, if accuracy is to be maintained, as the most accurate for determining the amotut

I1'eaver. Weaver and Riley (147) have devel- of water vapor in a gas. The gas inixtire of
oped a tvpe of electric hygrometer which has ap- measured volume and known pressure and tem-
lication in routine checking of water vapor con- perature is passed over a moisture absorbing chem-

tent of gases, particularly those in high pressure ical, usually phosphorous p1 entoxide for results of
cvyiinders. the highest accuracy, and its increase in wveight

The sensitive element is a film of electrolyte, determined. For the data, the weight of water
Usually phosphoric and sulfuric acid, with suit- vapor per unit volmne and the relative humid-
aible electrodes for use in measuring the electric ity of the gas sample can be computed. Consid-
resistance of the film, all mounted in a small case, erable care is required to obtain reliable data (o,
as an aviation engine spark plug, suitalbly modi- 27, 66, 149). This method is employed only in
fled. Since the electric resistance of the film is fundamental calibration of instruments or exact.
unstable, a comparison proce(lure is resorted to, in determinations of water vapor content.
which the resistance of the film in equilibrium
with the atmosphere to be measured is immedi- b. Change in Weight of Absorbing Material
ately maitched by exposing to an atmosphere, the
inoistu'e content of which can be controlled in a In this type of hygrometer a moisture absorb-
known way. ing material such as human hair, or a chemical,

In the primary use of the instrument, in meas- or combinations of both to obtain a structure con-
tiring the dryness of aviator's oxygen, pressure venient to handle, is continuously weighed by a
control was found to be most convenient and is de- delicate balance with an indicator and calibrated
scribed lhere only in its most elemental form. Gas, hunidity scale. The weight of the material must
usually nitrogen, is humidified 100 percent while change only with change in the relative humidity
at high pressmue. A sample of this nitrogen, at of the ambient air (109, 118, 119). Instruments
atmoslpheric pressure, is passed through the cell of this type are not known to be available com-
anid the resistance noted. usually as the reading of mercially.
a galvanometer in ainul malanced alternating-cur-
rent W\heatstone bridge. Then a saniile fromn the 4.6. Thermal Conductivity
compressed gas ti(hler test is passed through the
cell. at -. pressure which is reduced until the same The difference in thermal conductivity between
rea(liii- is obtained. From the measured pres- air (or other gases) and Wvater vapor is utilized
s-Ires ail the known water c)ntelit of the sat mrated so that the temperature, and thus the electric re-
:mlh. eithier thle weight of water vapor per reiit sistance of a hot wire in a small cell varies with
voluine, vapor pressmre, or relative humidity of the change in humidity of the air sample. Two hot
test sample can be computed. wires, one in a reference cell exposed to dry air,

The init ruuiieimt is chi:imr-i(te'ized I)by sleed. the are in I bridge circuit, the output of which is a
I1!v1e of l s Ii:11 ýl mii dI e 1mmi4 gl'm:l em, svi sit i vit"v t li:1 function of t•ie vapor liressure of water in the
is possessed by other iiistrumnemits or nI-el lods coin- sample. The theory has been developed by
paralle in these respects. It is available com- Daynes (31) and Shakespear (34). A model was
merciallv. built by Leeds & Northrup (61, 76). This hy-

Lll.a rn. The variation in electric resistance grometer is limited in sensitivity at low tempera-
with relative humidity of selected underfired clays tures owing to the low vapor pressure of water
has been investigated by Lichtgarn. The per- vapor existing at these temperatures. It has con-
formance data are incomplete its yet, and no ele- siderable promise as a recorder of huinidity in a
nients appear to be commercially available (1.37). closed space and in meteorology. It is limited by

Gre.qory hiumid;onuter. Gregory (120) has the fact that it is not specific for water vapor but
utiliz•'d the electric resistance of cotton impreg- indicates any change of composition of the gas en-
nated with LiC1 or (CaC1h solution to measure tering the instrument.
hmumniidity. This method has been applied to the Schwarz (l3S) has called attention to the pos-
meastirenment of humidity on the skin anid clothes sibility of subjecting the water-val)or sample to
of a human subject (131). an inhomogeneous electric field in a thermal con-

Burbidgqe and Atle,rander. The variation in elec- ductivity apparatus. Since the water molecule is
tric resistance of cotton wool and human hair has a dipole, an addition'al circumlatiion of the water
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vipor, in contrast to that obtained with air, is scribed by Mayo and Tyndall (33) is essentially
,wecuredl. This effect can be expected to add to the a constant volume instrument. Here the absorb-
effect of differences in the heat conduction of air ing material is installed in a piston which moves
and water vapor. No development work appears from one end of the cylinder containing the gas
to have been done on this possibility, sample to the other as the cylinder is oscillated,

thus forcing the gas through the absorbing chemi-
4.7. Spectroscopic Method cal. This piston action reduces the time required

for coml)lete absorption of the water vapor. The

Instruments have been developed in which in- fall in gas pressure which is measured is the water

frared bands which are absorbed by wNater vapor vapor pressure. The device is ppl)i)ose(l as a work-

are compared in intensity with another band not ing standard in calibration of hygrometers. It

so absorbed. The sample of air under analysis is not available commercially.
may be in a tube (116, 125) with the spectral One version of constant-volume hygrometer

bands obtained from a lamp or may be the entire (105) completely dispenses with an absorbing
atmosphere with the sun furnishing the spectral chemical and, instead, uses low telliPeraIt nire to

bands (124). The effect of water vapor upon the condense part of the wvater Val)0r t(,nteni of a gas
energy of the receive(l radiation may be measured saml)le, and from a meastirenient of tlie temiil)Ca-
bIy phototubes or thermocouples. The instrument ture anld re(luctiou in detesr-e, l)eriits lhe (lc e-

is not made commercially. mination of the initial vapor p)ressure. In this
"iinstruinent, two identical vessels. one contaiiiing
dry gas and the otlier tlie gas sample of unkiiowil

4.8. Index of Refraction ater vapor content, are sealed and (hconiiected

Some experimenital work has been lone onl thle through a differential manoiiieter. 'T'le vessels
variationha dare then immersed in a liquid bath anid gradually

waiation of the index of refraction of a thin film cooled until the differential .aioftei registers
of glycerine with water vapor content of the am- leduilte differene, niating tha coglerstl11pressure difference, indicatingy thlat condlensation
bient air (29 and 48). The method, even if su- of water vapor hs tken place in the gas sample.

lc ldelon ed, appears to have only limited At this point the temperature and pressure differ-
ence are read. From the saturation pressure at
the observed temperature and from the pressure

4.9. Measurement of Pressure or difference, the initial water vapor content is then
Volume computed.

By employing a liquid-air trap, the moisture in
The volume of water vapor in a gas sample can a large volume of gas can be condensed and then

be measured if its change in volume is measured suitably measured. The known volume of gas is
at constant pressure before and after the water passed through the trap and, while the low tern-
vapor is absorbed. Conversely, if the volume is pleratiire is maintained, the trap is evacuated. The
held constant, the change in pressure gives the applaratus is then allowed to warm up, preferably
pressure of the water vapor. These methods are in a thermostatted bath, and the vapor pressure
useful only in laboratory investigations. The measured. Experience with this method at this
difficulty of obtaining accurate determinations in- Bureau indicates that for frost points below
creases rapidly with decrease in temperature of -201 C, it is better than the direct determination
the gas sample. See (1 and 8) for descriptions of the frost point. When using this method with
of a number of instruments of this type. gases containing carbon dioxide, the temperature

In one form of constant pressure apparatus a of the air traa' is raised above -780 C before
manometer and also a gra(hdated tube containing evacuation. This permits any condensed carbon
an absorbing liquid, such as sulfuric acid, are dioxide to be vaporized and removed from the
connected to a gas container. In operation sul- trap.
furic acid is slowly admitted to the container to For additional information on absorption hy-
absorb the water vapor in the sample and at the grometers, see (30, 85, 86, 101, 111).
same time in sufficient volume to maintain con-
stant the absolute pressure of the gas, as indicated 4.10. Thermal Rise
lbv the manometer and a barometer. The volume
of acid admitted is the volume of water vapor in The rise in temperature accompanying the ex-
the sample, subject to corrections for lack of con- posuire of dry cotton wool to moist air has been
stancy of temperature or of the reference pressure. employed as a means of indicating humidity (see

If the apparatus just described is modified so (36 and 45) for details).
that the sulfuric acid forms part of the original
volume, a constant volume apparatus result.. In 4.11. Mobility of Ions
this case the change in pressure as the water vapor
is absorbed is the water-vapor p)ressure. The change in the mobility of ions, produced

The tilting form of absorption hygrometer de- by a-rays and y-rays, due to the presence of water
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Vap~or has 1 eii i Investigated ( 4.%a While a, va ne. It. is claimied that this water vapor diffti-
sumal1 effect has iieeii observed, iP) practical by- 51011 meto 11(1 can operate over a wvi(I temiperature
grolniet r 1has 1ee dC~ievelopled. range. is cont inuouisly 11l(1 ic-:Iit ir OP C(l- i i is

easy to ojwrate an is( port111able.
4.12. Dilectric onstantA (Ulffrehit al)1)aial was uised III the hgon4.12 Dilectic onstnt ter dlescribed bY ( re-inaclier (122 ) . His instrti-

Birinha Ilili has de;ý eloped :1 recordil . Ing icrowa ye inent is based oii I the di fference Iin (ifi ifi 14n of
PC fractoil letC). 1 I 53~) of h iall senisitIivlitv that call Water vap1or anid air Iiiroigh1 at se'ii iipernipable
Conit inhuously saimple antd record tilie d iclectrnc con- Ineiiibian~ce. A po1'olls clay 1plat e ceiiieit ed to an
sta lit of a st rca ii of air or (,as. Sinice the d jelpe- opelil li. ill th iCwall of al J ClclosCel vessel Cointa~in-
tinc constant of air varies withI water-vapor c-oil - lug, a (lesicca iii 1)1(f1trlit ially .N. t air. diffii-
tenit. thIiis i iist nIn11ielt Ina *v be elipl)ove I as atIe- Sioni an pr Ibeven ts water va l. br iiiftision). A
cordlingllygi1\-oiiieter. 11w refractolmeter op erat es differential iiia llonieter. coi iiiliunitIcat il, Ag ithi thle
b 1011c11),1111i11" t w() ideniticalI cavityN resoiiat ors. enlobsed vessel and1( tile ambilienit at iliospliere
Into olle of these cavities. tile test samiple is in- (whose luiit y is beinig iiieasted) registers a

feIIv~c bet NNvCeli the tocavities is thiein ia ns- t he paria prssr e lite Nvate vaporil e
tire of tilie dlI electrPic constanit (If the test samiple. ailib nent atiiosp iCICe. III orderI to avoid (olisid-In addilhtiou to its highi svlisiti vity. lhe ref lactoiji- eitlolftle(lstato npitiltvofie
ete el1wia a tlimIC rvsp101ilse. liiilit ed I) tilie i'cslollve appa rat us a s~imiii a vessel w it IIIa identiceal poP-
of tlie rcci nIi iig, in ill ialiliinetei'. oIf about11 ol ic-half ouirs clay p~latec an id uaoinet er. buit containiiing
sVcotid to( discret e chang(es in dIielectric Conistanlt. w~ater' ins-tead of te lie(lssicanit, is employed. The(
A simiilar Hist rtiiii1ent has been reported by Crain pressure (11r0l) AP 2 indicatcel by th iltter arrange-

(157). ment is directly proportmoiialto the (difference be0-
tween the satuiration vapor pressure c, and the

4.13. Critical Flow aiibient. partia~l prei-sutre c at lie anibient temper-
atir. The relative humindity is given by the

Wildhack ( 1.')() has pr~lopsedl a mneanis (If ncas- relationf.
tiIjiný- relative liuiiiiidlit ,v which uitilizes soiiic. or R11 100 x e .,(() x p
critical, flow thIiroughi snall no~zzles. Tw~o sets of e, Ap A~p2
two n)Ozzles, ini series are arranige(I in parallel. wvithi
critical flow maintained throughi all nozzles. At Fuirthler theoretical comisiderat ion of this hygroini-
Critical flow thle mlass flow through each miozzle is eter are priesentled by Specncer-G legory andl
iindep)l~endet oIf thle (lownstrell pre uire, and is Rouirke (141). The ilist ui'-lemit is reported to be
dI Irectl Il- prporttional. to the entrance plressure. extremely sensitive to rap~id templeratutre changes
An absorber (of water vapor is p~laced betweeni one which may griveC rise to elrponeoltis readi mugs.
series pair of nozzles, whiuch redluces the mass flow
ani( hence the gras pressure at the, entrance to the
downstreaii nozzle. Mleasuremient, of the di f 4.15. Chemical Methods
feren e illi entrance lpressiires bet weeni the two Several miethiods ate availabl)e for thle (let or-

the asat the enmt raiice to Itle referenced dowin- hcal el~ans. A very simllle and (lual it ative ndi -
strealli nozzle, and( of the gras temperature, will cat or miay be made'based onl thle chanige in color,serve to deternimine the relativye hiumidiity of tile frollit blib teo pinik, (If clothi Or I mpr IliJIegnamt ed
gas. wvithi cobaltolis chloride, as th I iiiIidit v incr~eases.

Whemi a color comnpartisoni scale is emiip~loyed wvithi
4.14. Diffusion Hygrometer this ind~icatolr, a rOIigrli estimate of the relative

hiliidi~itv is obltaiined1 (75). C(Ilaltoiis brpomiideThe (differetnce il (denisity (If comipletely anid p~ar- mna Vsimiilarl y be ulsed. with a t hireefold increase
tially saturated air, at the same templlerature, hias ill senlsit ivitv. The colors of these cobalt salts
been etmployed to mneasure air hum idiiiity (49)). are affected 'by temperature as well as humidity.
Esenii all ' , a colummi of atmoi(sphleric air is bal- T1'le (Ju'ant itat ive meastireninelt oIf water vapor hias.uc( gi list a coluimmi oIf saturatedi air. Tilhe dii f- beell stic-eSSflilly mad1(eb inrclltIS11-
fereimce in (density of the two columins catuses the iiiide as an inidicatoIr in a visuial (112) and in a.
lighter satturatedl air' to (hiffumse upward into thle pho(t oelectrtic ( 123) co~lorimiet lie meithiod.
atmosphuere and( the atmIlosphleric air, because of Ilucre is a1 series (If 'ompo)(undi~s oIf ketones and
its greater density to dliffutse dowiiward iiito a Gj'rign~ard reagremts which can formi imiternal ions
saturation1 chiaimber where it, in turni, lbeconies ac(TImIipaiiied by thle. developmienit oIf inuteiise co(lor.
fully humlidified. Trhe rate of difftusion is then iinduced by the. pesemice of water. Somiie uisefuil
dirlectly related to the vapor pr~essurie of the at- compoundtli~s ate t le colmplelxes of M ichici's ketone
lii(sllieric airi andi( is detected and lieiistiredl by (tet ramiethiyl-dinini niiobecnzophlienoiie ) and Grig-
means of the deflect ion produced in a suspended natd reagent (ethiyl mnagnesitum bromide, miethyl
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magnesium iodide. or phenyl miagnesitim iodide). ured. This time, for a given hatch of amptiles
An apparaii~tus, empl~)oyinig tile color change of identically made, is a function of the moisture
d iese compjou~nds, has beeii developed, primarily content, the tempileratutre and rate of flow.
for dletect ing~ moisture inl compiIressedl oxygren ( 19). A miethiod for the analytical dletermuinat ion of
The apparatus and method inivolves sealingm a thle water content inl a Nvidle range of materials
Iiieasilredl amlounit of Complound wvith dry sand inl was proposed by Karl Fischer inl 1935 (84). His
a, gl~ass an ipule. T[ie, Iundler a controuole(l and. reagent. a solution of iodine, sulfur dioxide and
uniform rate of gas flow, the amlpulle is broken pyridine inl methanol. is the'basis of t itrimetric
and thle. time. for the movement of the resultant pro)cedlures that have been applied to moisture de-
color front along a specified (distance is nueas- terminations inl grases (20).

5. Test Methods

Thle testing- and calibrationl of hyg-romleters inl-
vol ye tit(e p roduct ion adil conitrol of at illosplileres
of knowvn relative huminiiitv over a wvide range of
telil erat I Ires. Wh le tile methods of hni~llydity
produc(t i on are variedl. they.% ima h e cl assified. coni-
vellielit lv, iinto several categories. The equuipmlent -- -

for p)ro(Iuciug" tite known relative hiumuidity ninlst
be(lsignled so that lINgroliueters to hetse, a

be coiveuiieiitly exp)osedl to thle controlled atilnos-
pherei. 1

The sections belowv are restricted largely to thle -4
description of methods of producing a constant-
lmiuuidit v of known amiount useful for- calibration E E

of hiygroiiieters. F6-RE -.Sopid*~hc t igam of thie t ico-tcinper.

(Iture reircula~ting nietlod of rco tirc-h u iidi1ti pro-
5.1. Basic Methods duetion.

Relative liulmidlitv~ is related,. through the fuindau- A. gas pump ; 1i. test chambpr: ;(, water ; 1). saturator ; E,

.menltal gas lawNs, to Stich parameters as tempera- teiisate ah

ture, P~resslure. and water-vapor content. Several
convenient and prmacticail methods are available of temperatures below 0' C (.')2' F'). A stream of
dhirectly establishing atmospheres of known rel- dry uuii is dhivided1 accurately, usually by means of
ative humiidity wvith sufficient precision and ac- a p)roportioning valve, into two parts. One part
curacy bv the'measurement anid control of these is saturated, with resp~ect to water or ice; thei
paramiete:rs. without requiring auxiliary humidity ot her p~art is maintained dry. The t wo parts are
mneasurinug andl sensing instruments, then recombined inl a test chiamber and exhausted

Theprinciple of dlividled flow may ibe employed, into the air. Thle relative humidity is given by
when fowv is permissible, to produice anly dlesired thle ratio of the division. A siimp1 lified schiemat ic
humidity. Apparatus. based onl this principle, diagram of this method is shlown inl figtire 1.
liuus been (described inl (76) for utse at temp~eratures ]n tile recirculation or two-temlperatures
above freezing and inl (134 and 149), for use at miiet hod, a streani of air- is saturated at a cont rolled

tempileratuire and then the. temperatutre of thle mix-
ATMOSPHEREr tuire is elevated. wvithout loss or gain ili mjoisture.

A measurement of thle. two teimperatuires serves to
------------------ - determine the relative humidity. TJo inusure comn-
I ~plete saturation at the lower' temuperatutre. the air

rEsT stream is recirculated inl ai closed system from the
saturator (at, the lower temperature) to a test

CT I chamber (at the higher temperature) and back
Ito the saturator. Tile templeratures nmust be ac-

IPIR OOTIONNG . V curumtelv measured and controlled; for examp~le,
V at 20' (C (OS' F) an error of 0.2' C (0.3' F) ill

DRY ~~~~either temiperature mneasuremientreesns1e-
i - --- - - - creases at. lower temp~eratumres. 'Laboratory- equip)-

COssNSTN TEMPERA TURE BATH unent of this type hias been built (100, 155), but
FIGUtRE 1. Simpliflcd sechiatic diagramn of the principle nt.one is commiercially available. Thle method is il-

of operation of the dirided-flow hum~idity apparatus. lustrated inl figure 2.
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Ini the t wo-pressuire method (147) a stream of nozzles, orifices or other metering elemlenits inl eon-
air ýor sotirn other ga-s) at an elevated p)ressurie junct ion with pressure~ reducers. See ( 67) for
is satuiratedl andl the pressure of the saturated air one application.
is reduncedl as re(lilired to obtainl ally desiredl hll-

nujli V ~li~ he leirili'ht I *i Iijtiilty5.2. Secondary Methods
reiiui ur 1, islilaliv, at, at tulosphleri(o pressure. thle,
elevated pressure-; is So adjusted that tilie air. 111)011 VeryV -onlVenienlt lnetlOdlS exist for. estab~liShjing
expansioni to atmoisp~heric prlessurle. will be at the atitniosplieres of known relative llttimiiiity which
prIoper relative ltitd.Y Tile pre'tssure of thle depend upon the equil ibriumi vapor pre-ssure of
a ir -and water vapor miixtutre is mleasur-ed att b)oth w-ater whieii a chiemical is dissolved inl it. These,
the elevated anld redtiveil pressures. and( So are the niet liods ar-e idleallV stlited for colitroll iii&i thle rel-
teniperat ures, if they differ. To insure that thle ati ye humilid its' of a small closed Space. Equi-
saturat or anid test chamber tempieratutres rem ain I ibriuta conditions, are more rap1idlyv est ablished
the Samie. and1( also to prIov ide a iiiea iis of Coil- when a it- ci'rcuilation or stirring, as 1),V mlealus of a,
irolling and est abl ishinig ail% (lesi redl tmen a1tIt iie, fa il or- blower, is enil loved. Ill all theise methodls,

the Sat urator andii t est clhaimiber ar'e Iimiliierse(1 inl the test chiamb er should be kept free of hygro-
.1 thuermnostat ted bathI. Jo prevent comiileiisat ioni scopic mat erials, such as wood.
thle Satutrated a ii- t elmperatuiire niiist not fal11 below Th! e Satutrat ed Salt Sol ution niethiod is i next wit-

t iede oit.~viIdiiia e ii r ea ingtli ii x sive aindl sliniipie and produices constant relative
ture at or Ibefore it flows t Iirolugh tlie( pressur-e- 1liiid(it ies tihat ar1e 1,)lroughl indlepenidenit of teni-
-edj(-ltc h vatlIve. Even at rooiim teii lel'Ut1ilre, con- I eiiut ii e. This miethiod is ttsCel f reqtieit ly foir cal]-
trol of thle satuirat or t elipIeratuinre will be iieces-sa i i br-ati ug nelij(lan ical type h~vgrioieters. A sealedl
if the atir flow is apprec iabi~hle. At coistalit tvi'li- chiamber is reqttired. for wh iich a larg-e gflaSs jar

Iletat ~ ~ ~ ~ ~ ? i.e h eaiehtn ~it siugiytemt i or bell jar is often siuitabile. Thle salt sol itiolt is
of tile two pressilles, assuiliiiu- ideal gras laws. md pa lsymxueiiagaso nml~
More accurate compiuitation iiiii tilie relative humiiid- t ra v or. in tile glass jar, if used, wvith the Solution
it v ta~kes into) accouint deviations front thle ideal sp~ea ding- over as Ia 1-e al it area as pl-act icable.
gras laws (1-47). D ist illed wa~tter and chiemiicall1y pur salts imuist be

O ne tyvpe of satuiirat or em ploYed inl t iiis metho 1101 sed. The salIts 1listedl inl t abie 4 havye been fotind
comisists of a1 cv lidler filled with Clean Sand and uiseful .for a1 list of others see (4). Tile (data inl
water thirotghi which thle air p~asses. Another table 4 are basedl partly onl thle vapor presstire (data
tvlpe siilhrlv conisists of a cyl indier inito) 'Iviiclt giveni inl the Internlatiolial Critical Tables (17)
water has beeli adlded, but tie ai ill i this type a ndprt IY ' voi dewvpoint mueasuiremients madle at

enilers thle cvlinlder tang'(ent mal iv to and aoove the tisBra.
wator (Or' ice) Surface andi, aft~er swvir in lu around1( TABix 4.-Saturated s~alt .R.lutinuS suitablef for ?Ise inl
mlanIy t imies over the wvater, eljle-rgeS ti -olroili a1 cVli- humidity control
tral port at thle. top). A sketch of this method is-
showmi ill fif~lmre .K N (h=pIotassitIml nitra~te

tI N l= sodiuz (jt ioride
Ii tilie. water or steami inject ion met hod for tilie NI ON (W 1t.61120( = 111:1 goeSiniT n~itrate

pre.i coiitroil of r'elative h111iii ii(lit * v moist tile anid 1.i1=1=lithityi chloride

dIry air are miixeil ill dlesiredi prop)ortiolns, usingi~
Relative hiumlidity of saturated stilt sotll iont

'iTflpera-.
G litre

K NO 3 Nail \tg(NO1~.4)2lit(1 NWg2It1hhit LiW]

D0o1 32* *;7 70 34 154

A5 41 ! 01 71 .4 33 it;
ol N) !~ 1.5 .5 5: :13 14

i,5S 51. 115 7i 531.3 131
11 ., 141 77 ~ 33 12

25 77 914 7i 2o 33

X Water-stil fuilrmic id mi xt ures (3.19,W5, 03) pro-
C F iice attmiosphleres of relativet htimidity that de-

pendl ol01 complosition andi tempileratture.Tw
V V V technmiques mllay he emplloyedl. The 1liqumid may he

N ~~expos('i inl at suiitalle tray il, a sealedl clhamberQi to
Fim-RF 3. Hai~plifled schematir diagiram of the two- g.rive the equiilibriumn vapior pressutir of the mix-

prcssure tncthool of r-clatiiuc-hwnildity pr~oduction. tuire, or air may he bubhbled or otherwise brought
A. IHigli-preimire source ;1B, pres4imire reducer : C, Saturator intto intimiate contact with thle liquid. WVilson's

( water or 1(4.) ;i1) valve F, heat exelhanger ;F, lit i 3uar esottc~ i al
chamber ; , to atmoslphere 1i, thermostatted bath, aa(9 r erdcdi al 5
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TABL.1 5J. R~elative /1 uri(Iit?/ obtained fromn water-sidfuric lowered1 externally, are placedl inl thle chamber.
arid soluitions One tray containis a chemical absorbent. suich as

su1lphuric.ac id, silica gel or Drierite, whliile the
Rclaiv, -Ilrl!Ita. O lI2O4 by wght atothier contains distilled water, preferabll with ex-

llfhurodity -- - - - - - - - posed cotton or 1inen wicks. Thle covei' of the
90 (' 23 C C 73'applroprialte tray is raisedl uiitil a liv(romieter inl-

-- ~~ -- dicates that. the'desired relative humi~dity has been
f~. 4. S 6 ; a.3attainedl. The cover is thlen dropped and, since

25 1 .11 1 5 . i -57 5 9.01
35 41'19 -2.. 54 -4. the chambler is sealed,. the hitiniidity remiains conl-

3. 1o 4 27. 1 46. 2
49. 1. 4 14.4

7.72.5 15 3. 4 319.2 32.4 uising" thle output of a1 senlsing- elvlement. I lroglig1 anl
178. 92 20.0 applroplriate circuit, to raise 01r lower the required

Water-glycerine mixtuires (60)) wvill similarly See (8, 10, 12, 50, 54, 5.6-2. 65. 92, 114, and 129).
Produ~ce atnmosphleres of known relative liunii d itv for additional s1uggesiiis nlt s
The techniques emiployed with water-sulfuric -

acid mnixtures work equall *y well with watei - 5.4. Comparisons with Standards
,glvcerine miiixtummres. The relative Ii urn idi ty ob.
tainable at 250 C from various water-glycerinie Whmile it is 1) referahl e to ulse am ni1osphieres of
solumt ioiis are givemi inl table 6. known relative Ini imiidi tv for testing, or calibra-

t ionl, it is often dlesirable to make spiot, chiecks of
TAn;.;-: 6. JRehative lilumidit?/ obtained from water-glycerine mlecdialiiical Ii gm'omiieters iaid liygrogiap1 il- u ldei'

-. i~prvailiig' atnilosphevric comnd~it uiois or evenl. ill soliii
cases. to test, or calibrate lmvgyronieters in (chamn-

RchaliN.. IlIII11i'lity (y1verifiu Oly %vighO) zs;1xec~f gravity hers where01 the humiii~idt is. niot known or old v

; - - -- _ - -___ - ___-- - _ - - -- knowni ap)proxima11tely. Unlder these. 'eiul dit busý,

1 1.21.5 tile readinmgs of the instrument miiiter test. mnay be
2(1 i92 1. 2:37 ~o 4~n'r itmm
10 3o0. 2291 withl)11( ' t os of a st5e andr nnne
41: sti 2'

57!01. 203: It is generally considered that the primary
Wo 72 1. 14 standard iii hiygroiietry is the gravinleti'ic mnethod
701 14 1 . 162
SOl I1 I1.L127 of wvater~ vapior mieasulrcement. However, except.

:13 11179for wvork of the highlest order of accuracy, this

--.--.---- ~ fmethlod is seIIoliil iise( a5 11working stanilard. Onl
53 ~~the othler' hiand, proved( (lesiglis of dew1 )oiit mdl~i-

5..Control Methods cators, and recorders are lrequentlY emtployed as

Inl response to at sensing element, suchi as a working( standarids 'where accuracYv is dfesi red.
Diechiauil cal 1iygi'ometer, electrical hygrometer, Ma I1v iiioilels are inl the nature of laboratory inl-
or psychrmm'neter'. the hiumidlity of a closed space struIuienlts. espeCially those dlependiing oii vislial
ma hY e raised1 by water, spray or steaml inject ion, ohs-ervat ion and inanuall tenlperatulre control, re-
Ivy exposure to a water surface oir wet wicks, or qitiring skilled p~ersonnel for' successful operation
b y tile, introdumction of sat urated or high hummmidity so hlat. they are not usually used( iii rouiti ne ciili-
air' (oi' gas), or time hiumidity niay lbe lowered by bi'ations. The (dry- and wet-lbllb psychromneter is
chienmical absorption, or tile intro'duct iou of (i'Vr particullarly' suited1 for rapid roi'mti iie wvork. It
a ir (or gas). The contirols that are used may be shouild lie 1150(1 with caution iii smiall enclosures,
nManuial 01' auitoimatic. for' evaliorat loll f'oni tile wet-blni mlay increase

One typeO of coultlolledl-lumidlity chamber deC- tile relative hum11idity of the space being'measured.
sign (32, 4.5) consists, essentially, of a, sealed If adequiate vemitilation is secured and proper pre-
chamiber', such as a hell jar, inl which air cii'cuila- caut ionis ai'e observed. the p)sychiromneter' is Cali-
tion is obtained by mevans of a fanl. Two trays, hinted iiueiely by having its thermiometers
each with a tighit cover that canl be raised and calibriated.

6. Selected References

6.1. Books and Pamphlets (4) liandbook of chiemuistry mind physicsi. 1p. 19)25,. 30th
ed. 1946. Cemicl Pbl. 1.,26 CurtSt.,

1I) F'uImii ligskeýiii inetstiiti.. H. bmnigarils. It. O)idenhurg, Brooklyn 2, N. Y. $tJ.00.
Be'rlin. :122 1) ( i1926) . ( Pxcel1ent generali trea1tise) (5) Heating, ventilating and1( air condit ionhing guide.

(2) Proiiertiex (if ordinary wa-mter subs;tance. N. Ernest American Socieily Hleating & vetntilai~i ungr,
D)iorsey. Rteinhmold Pubi. Co. (1940).

(3) Dictionary of appiliedI physics. Section on humidity New York (1944).
by Skinner (1923). (ilazebrook. (0) Wirmnetabelle; (der P1hys. Tech. Reich. L. Holborn,

(D escribe's psychr''p.i ncr, dewpolnt and gravi- K. Scheel, and1( F. Hlenniing. Frie(Ir. V7iewu'g &
metric illetilods of humidity measurement.) Sohn, Blraunischweig (1919)).

14



(7) Psyc-hrotiletertafeln. Jelitieks. VII Aufi., Leipzig (Moisture abstracted front air sample by P.,O5 and
(19)29). change of pressure ineasured.)

(8) Handbu1)icII der Meteorologischiei Instrumente. E. (34) The katharorneter. (G. Ak. Shakespear. Proc. Phys.
Kleinsclnridt. .Julius Springer, Berlin (1935). Soc. London 33, 163 (1921). (Thermal conduc-
(Sect ion on nmeasuremrent of atmospheric humidity tii ity inethod of humidity measurement.)

anid evaporation.) (35) The wvet and (try bull) hygrometer. P. S. Skinner.
(9) Mechanical engineers handbook. Lionel S. Marks. Trans. l'hys. Soc. London 34, Ix (1921-22).

Nlc(.rrtw-Ilill (1941). (Soniec experimental work onl psyehroinetric
(10) Cont rolled humidity in industry. M. C. Marsh. formula.)

Charles Grifflin & Co., Ltd. iLondon) (1935). (36) A thermial hygroineter. A. 11. Tyndlall and A. P.
(11) Diffusion. C. Maxwell. Encyl. Brit. 94th ed., 7, 218 Chat tock. Proc. PhIys,. Soc. Lonrdon 34, lxxii

(1877). (19)21-22). (Met hod (lelienis on explosing dry
(12) Mlcteorological instruments. W. R. K. Mliddleton. cotton wool to damip air and measuring tempera-

University of Toronto Press (1941). (Chapter onl ture rise.)
measurement of atmospheric humjidity.) (37) Note oil psychronietry in a wvind tuinnel. It. A. WVat-

(13) Chemical engineers handbook. J. H. Perry. Me- sonl Watt, L'roc. L'hys. Soe. London 34, lxiv (19521-
Graw-Ilill Book Co., New York, 2(1 ed. (19)41). 22). I Etfect. of ventilation onl psy'chronintlhric

(14) 4slinraitioiir-PlsycrIromcite~rtrtfelii des Preus. Met. constant.)
Inst. IlI Ault. Preuss. Met. Inist. Braunschweig (38) The theory of the hair hygrometer. F. J. WV. Whip-
(11)27). ple. Trans. Phys. Soc. Lýondon 34, 1 (1921-22).

(15 ) Psycbromietric tables. 1'. S. Weather Bureau WVB (Mathemiatical treatment.)
No. 235 (1912). ( Supt. of Documniits, Washing- (39) Humidity control bly mneans o~f sulpiniric acid solu-
ton 25, D. C.) 150. tions with critical compilation (if vapior pressur'e

(16) Smrlihsolri'in meteorological tables. Smithsonian (iat-L IR. E. Wilson. J. Ind. & Eiig. Chient. 13,
Instituition (19:39). 326; (19)21). (Data percent sulfuric acid 5oliltifiii

(17) International critical tables, 111, 211. E. W. Wash- mulainst relative humidity at 00, 250, 5t0 and 75-0
burn. McGraw-Hill Book Co., New York. C.)

(18) Psychrornetric tables and charts. 0. TI. Zimmerman 1-40) The evapioration of a liquid into a g-am. WV. K. Lewis.
and 1. l~ivine. indlustrial Research Service, Mechl. Eng. 44, :325 (1922) and 55, 567 (1935).
Dover~, N. 11. (1945) $7.50. (41) Direct determination of gasoline-air mixtures. W.

091) Oxygen research. Summary techinical report of A, Gruse. Ind, Eng. Client. 15, 7916 (1923).
D~ivisioa 1.1, NDRC, 1 11946) chap. 14. Instril- (-12) The temperatures of eva1poration of water into a1ir.
merits for testing, oxygen. S. S. Prentiss. p. 320. W. H. (Carrier and D. C. Lindlsay. Trans. ASME

(2-0) Aqianwtry. Applications of the Karl Fischer re- 46, 31; (1924).
rienit to quantitative a natysis involving water. (43) A new mnethod fori determinirng the tenilierature of

JTohn Mitchell. Jr. arid IDonald Milton Sm4iithi. p. the dleipoint .XI. H~oltzmlann. l'lys. Veitsclirift
168x Interscienie Publishers, Inic., Newv York 25, 443 (19124). In German. (Plolished rod type
(1948). dewpoint indicator.)

(44) Hygromnetry in deep mnines. It. S. JIones. Colliery

6.2 A ticesGuardian (England) 128, 1437-389 14)9-14500

(21)On he ygrnietr b evportion .Ivoy. he (45) The ineasuivriemet of hunmrity in closed1 spaces.(21 Oni thes phy-icate byeaoain .Ioy1 h Ewing aind Gtnzebriiok. SliflC. Report No. 8. Food
-PioohclMagazine andl Journal 60, 81 (1822). Itiiestigatiori Boiard. Dept. oif Scient ific an(l lInt.

(22) tljer dlie Verdlriistuiigska Ite undeor (leren Airweridrng Researchi London) (1925). Revised ed., E. Grif-
a tif Ilygroriietrie. E~. F'. August. Arinalen der lithIs (1933).
Phlysik und Chieniie 335, 69 (1825). 1461 Energy transformations in air currcrt, :i( rout pldi-

(23) On thre theory of the moist hull) hiygroimeter. Ap cationus in ill(. nirieurvniement (if attrriislilieri- tIn]-
J'ilit. Trans. Roy. Irish Acad. 17, 275) 1 1&37) . nildit y. Paine. I roc. Nait. Acad. Sci. 11, 5.-55

(241) Er rules stir 'l~lygrorn6trie. V. Itegniautlt. Ann. (1 )'* n
('hi. llluys. (3t 15, 19 (1845) (47) A new relative humidity recoirdier. L. B4+1i. .1.

2 N KI v~ers t..\I iniygo tr Ag.ad 1yi3, Month.8 Otit. Sov. Ami. 12, 623 (19261. (A circuit anid rv-

(261 rrur Itelsirt, ChIief, U7. S. Signial Officer. Ferrel. ciyrtder pfrorauomtricametly givii resaivg humidi~tyau
Atili('idix 2-1, lit) L133-259 (1te884;).trcintoduig eisac

(27) R~eport on liy;gronnrtric inetluols: first part, includ- t hernuonmet ers.)
ilg thre saturation niiethiid and the chemical (48) A liy~groiieteir emloin vgyerine. IL. (ritlirti: :Indt
Inothont, arrd (li'wpOiiut instruments. W. N. Shaw. .1. 11. Akwhvry. Proc. Phys. Soc. Londoni 39, 79
Pi 'ul. Trans. Royal Soc. 179;- 731 (1888). (19)26). ( Used chang-e (if index of r~efract ion (if

(28) Rritiiinal I isychroirnetric formiulae. WV. 11. Carrier, glycerinle withI humidtity.)
'tra trs. A% SM E 33, 1 (N 15 (19111). (49) ('ont iriuous indicauting hyg-roieter. Rorruberg and

(29) Det ermninat ion oif relatlive humidity of the air by Bilaui. J1. Opt. Soc. Ainu. 13, 717 (1926).
refrr e ,iu iet ry. Giram]i. .1. P'hysique 3, 904) (.50) An rintoninatic hunmidhIit y coniit roli. W. 11. AptI iorpe
(10113). ( Usedt change of index of refrct ion oif rind .1. .1. Hedges. .1. Sci. Inst. .1. 480 (1927).
glycerine with Iihumidity. ) ( flair etenirent cnintriils a circuit which c'ont rids

(30) Irmp roved methoils oif hiygroimit ry .~ %. N. Shiawi. silpl'1i es oif imoi st anil dtry air to th lebianil er. )
Tratns. Roy. Soc. C'an., Scr. 3. 10, 85 (19)16). (Alt- (51) E'lect nicrl inettunis of Irygroineitry. 1'. AN. lluridilie
sorpt ion loygromieterq.) a rut N. S. A lexa ru i r. TUn mrs. Ihs g oc. Iinndon

(31l ) The theoiry of the katlurronieiter. 11. A. Daynes. 40, 1491 ( 1927--2S) . W szed resistanuce oif cotton woot
Proc. Itiiy. Soc. Lmdnili A97, 273 (19)20). (Ther- arid luiamni hair: ailsoi) nasrrred itirnuei' ino i~iillt y
runaI ci itd et ivity v netboil.) of loris dWe lio water vapor.)

(:32) Soiu me n~ iodifI fortnis of Ihygromn et ers. E. mrl tlithls. 1 52)1 TIe vaio in p~i'Ii''5iresr iof walr c~i i ~5iIfilcr u-ae
TIrnmius. I'lrys. Soe. Loniton 35, Vill (19)21-2). niixtirres at 250 ' Candi its niensureroent by ain inn-
I I esc-ript lifl of psychriomreter, iICwI)iiit anpparittus prove'd dewpoiflt apparatus. 31. It. I. Ih'ltlllbrii.
and hum11idity chiatrrhucr. ) Ili'roe. I Mys. Soc. Loindiin 40. 249l (19)27 ). ( Re-

(.93) TIhne tilting hygrometer : a new" fiorni of alisiirit ion visionr of Wilsoin's itata, ref. 37.)
hygr'nini'ter. 1t. G. Mnyo riit A. Al. Tyndiall. 153) Irflirience (of huidrbity fill the ehlistif Ic iopuert iiS inf
Proc. PhIys. Soc. ~otidini 34, lxvii 11921-22). '-ottoiru Mrainn. Shuirley Inrst. Memioirs 6. 53

15



(1927). Also J1. TIext. Inst. 18, T253 (1927). (74) Some imiprovements in psycliroiiietry. D. 11. Brooks
(Trorsiton hygromieter~ froml vottoti filamient.) and II. I1. Allen. J. Waish. Acad. Sci. 23, 121

(54 ) Notes onl t empera Itire :1nil hum idi( t y conmt rol cab- ( 1933)
inets. ('irc. No. 310) P alint & Varnish Manufac- (75) Color~ chainges ill ly~groscopic salts anl tlicir u~se for
tureis Assoc. (.May 192 ). humidity mieasuremniits. Alfred Swiart z. 'Mess-

(53) D etermilna tionl of volat ility of gasoline. R. Ste- technik 9, 87 (19.3:).
vitiso n amid .1. A. Babor. Ind. End. (Them. 19, ( 76) Suipplying atm iospheres of known humidlity. A. C.
1361 (1927). (An apparatus for determining tile Walker. Bell. Lab. Record VII, 1(69 (1933). (D7ry
d&'wpoiiits of air-gasod me mixtures. Visual oh- and satura ted air illixedl to prmoliie dlesiired rein-
servationi of opitical change of a platinum black tive lIumidlities. Method uisedl to test 12.-N thermal
mirror.) conductivity humidity recorder.)

(56) A hygrometer for use in timiberseasoning kiilus. E. (77) The Mlollier Psychroinetric C'hart. F". Keppler lIe-
G~riffiths. Trans. It hys. Soc. London 41, 424; frig. Eng. 27, 136 (19:14).
(1928). (78) The present state of psychrometric data. Keyes

(37) ei (einnidifleat ion of air. C. S. Keevil and IV. K. and SnilthI. Rlefrig. Eng. 27, 127 (19.34).
Lewvis. hid(. & Eng. (Chem. 20, 1058 (1928). D~ew- (79) An apparatus for the determinitationi of the dlew-
point apparatus.) point. E. 11. M.%oss. 1'roc. l'hys. Soc. 46, 450

(5S) Humidity test equipment. E. BI. Wood. Instru- (19.34).
inents 1, 135 (1928). (Describe air-conditioned (SO) A formlula ann( tabdes for thie pressure of saturated
test room1, controlled by sprays and radiators, water vapor iii (tie range 0I to .374O(C. N. S. (is-
chaiibers controlled by sulfuric acid-water mix- borne andi C . H. Meyers. J. Research NIIS 13,
tures. and1( chambers controlled by saturatedl salt 1 (19.34) RL1691.

solutions.) ~(81) An invest igat ion oif thle Nvet- anad dry-bull Ii iygrni
(559) An electrical methodl for the determination of the eter's at low teniporattiv. .J. H-. Awbery and1 E.

(lewpo~int of flue gases. H1. F. Jlohnston(. U. Ill. G~riffithis. Proc. Phys. Soc. of London 47, 684
Enig. Exp. St4at ion. Cir. 20. (19'29) . (Automatic (19.m).
mlet hodi for recilrding- dewvpoint dlependling upon (82) Psychr inet rie (harts for hiigh and low pressures.
conlductivity between platinum eilectroideis on glass D. 1B. Brooks. NIIS Pub. M146i (1933) tout oif
I himble.) print).

(610) Industrial humidity instruments. 1M. F. Behar. (8.3) Thme traiisient condition of the human hair hygroin-
I nstrumients 3,5419, W05, (131)) ( 1930). eter elellient. A. F. Spillians. 'Mass. Inst. Tech.

(Q1) A high-sensitivity absolute-humidity recorder. C. 'Meteormi. Course (C'ambidibge, Mass.). Profes-
Z. flosecraiis. Ind(. & Eng. ('hemn. Anal. Ed. 2, siotlal Notes 'No. 8 (1935).

129 (1930). (Thermial condiuctivity apparatus.) (84) A new method fur (lie analytical determination of
((62) A simplified humidity control. WV. H. Apthorpe and tlie water content of liquifds andl solids. Karl

M. C. Marsh. J1. Sciemititic Ilists. 8, 132_ (19:31). Fisi'her. Anzcw. ('hemn. 48, 394 (1933).
HIair element equipped with contacts.) (85o) A sulfuric avid hlygromleter. A. 11lackie. J. Sel.

(M3) Control oif relative humlidiity in a smnall enclosed Inst. 13, C. (19301. (Absorption hiygromieter (lint
space. F. T. (Carson. Paper Tra~~de Journal ( ( ct. gives vapoir pressure of water directly.)
193 1). 1 lescri hes water-sulfuric acid and14 water*- 5(.8) A vaporii pressuire hyaronieter. J1. J. D owvling. J.
glycerinle Mixture method of humidity control.) Sei. Inst. 13, 214 (193(6). ("Moisture coiitent (if

(61) Re~sistance thermometers for the mevasurement of air dleterminedl Iy redluctiomn in pressure oif a
relative hlumillity or sinall temperature dliffeir- fixed volunme due( to absorption by a chlemical
eiices. 1). C. Rose, (Can. J. Research 5, 15Q1 drying- agent.)

m193). (87) The deviation of the actual wvet-hull) temperature
;5)An inmproved methbod of mnainta liming constant hu- fre.ii (lie temiperature of adialiat ic satumratiiin. D).

iiidity in c~losedl chaimblers. R. H. Stouighton. D ropkiii. C'ornell U. Eng. Exp. Stat. Bul. No. 23
J1. Sci. Inmst. 8, 1(64 (1931 ) . (I Iygrotsta t comntrids ( 19.31 ,).

nii' (iri'claltioiI past a wet munslin surface.) (88) The behavior of a single-hair hygrometer under
(66) The water oiltent of sa I ira ted a ir at teampera turzes va ryin cg(onil iltiins of tempera tumre and14 linidi i iity.

upi tol 11 0* C. .1. 11. Awliery. Proc. Phys. Soc. AV. G~. Il~e an~d K. W~orsnop. Trans. l'lys. Soc
London 44, 143 (1932). (Determined by gravi- London 48, 358 (19361.

metr'ic' methiod. ) (S9) Messung decr Luftfeuclitigkeit imit Thermoclementen
(67) Thle basic law of the wvet- and dry-bulb hygrometer (dhne kiinstliche Beluftuiig. V'on We. Koch. Ges-

at tempileratuires from 40 to 1000 C. .1. HI. Awvbery undheits-Ingenieur 59, 5014 (19301).
lnll. Grifhitlis. Proc. Phys. Soc. London 44, 132 90Tmeseotbencopesfrsyhmnti u-

(1932). (1 (esript ion of experimental deterinii- poses. R. WV. Powell. Trails. Phvs. 84)1. London
natioi 'if pisychroumnetric chart at elevated tein- 48, 4061 (1936).
peratn (ies, basedl on gin vinietric andl dewpoint (91 ) The nwlasimreiment of very lii1W r~ela tive hu~miidit ies.
iiiiasureinents. Data pr'esented.) A. iimoiis. Proc. 'hiys. Soe. Londlon 48, 1:35

((18) Vher thermoelektrimclie mect)eisnsun.L 136).
Kettenaiker. Z. fiur Instrmiuentenknnde 52, 319 (1(2) A hunmidity control device for ovenq. C. T. Webster.
(19,12). .J. Svi. lnst. 13, 412 (1P6.(lsychromieter (,oil-

(61)) D eterminat ion (of relative humidities by nica ns of t rols steami inject ion and excess nmoi sture conden-
tliernisiiuples. .t. 11. Lanning. Ind. Eng. Chem, satliii).)

A nal1. Ed. 4, 286 (1932). (93) A review oif existing pqychrometric (Iata in relation
(70) Apparat us for the imeasuremeint of relative humid- to piractical eingineering prohleiiis. W. 11. Car-

ity. .1. TI. 0 rcma rd. TIrans. l'liys. Soc. L~ondon oriea imd] C. 0. Mackey. ASME Trails. 59, :32 aind
44, 2224 (1932). (Deisc~riptmiin iif l pdlatinum re- 32.9 (1937).
sishac th EE ermomeiterO psychrome niii iteri) . (94) An el ectriical hygronieter and its a pplication oif

(71 )An expierimuiental study of the wet -lomlh hygrometer. radio iieti'orographly. F. AV. 1 D nilmmre. .1. lHe-
T. K. Sherwood and E. WV. Comings. Trans. Am., search MIS 20, 723 (19.38) RPILO2.
Inist i. C 'hem. l'ng. 28, 88 (1932). (95) Determininat1ion Eof low hunildity wvithi dewpoint po-

(72) Elim Psvclliiiiieter (dliii kiinsh I iche Boaruttnag. n. tent iiiieter. A. K. Frank. G.. E. R1ev. 41, 4:15
Wald, Z ffir d. ges Ixalte-Ind. 39, I11 (19.32). (1938).

(73) TUhe theory (if tile lis3ychronete'r. .1. 11. Arnold, (96) Newr tablles of the Ilsydlmrometriei propiIerties5 of air-
1h'lyxlcs 4, 255 (19)33). vapor nmixtuires. W. Gloosdian. Hleatling, Piping

16



anlAir C ondi. 10, 1. 119 (113,S). (I Based ontempera tutre lag oif hair hygrometers and method1(
Keenian andl Keyes steam tables.) of correctilig radliosondle data.)

(97) Accurate determini ationi iif ,lowpoint. A. WV. Hix- (118) Humid hysteresis of Mahajan's op t ical hiygruometer
son01n md (,, E.. Wh-ite. Ind. & Enig. Clienti. Anail. Ed. and others. L. 1). Mahajanl. Indian J. P'hysics
10, 235 (1938). 18, 216 (1,94-4).

(98) The effect of radiation oal p-sychiroinetic reading. (119) Time lag andl humid fatigue oif hygrometers.
1). 1 roliken. C ornell U. E'xp. Stat. Itim. 26 (Oct. L. ID ah.a. I ndian J. Physics 18, 293 (1944).
1939). (120) 'Meteorological investigations, at Itye, P'art 1. In-

(99) Ali i miproved electrical hygromieter. F. D. Dun- struitietits Branch (British) Air Mini~stry,
more. J. Itesearch NIIS 23, 701 (1939) 11P1265. ,DIRI' No. 17 (Mlay 1944). (Gregory luidioinOm-

(10)Th syhrmtrc hrt isapplication and (tie- eter ; relative humidity measured as a function
100) The Goodman.iii cHeart. ng itinsad i eleetrical resist ance of Egyptian clothI soakeid

C'ond. 11, 357, 421, 485. 549, (613, 6Tg. 749 (1939) ; (121) l~ cromery inl slthefostnn.).D ~ie
12, 6, 107, 171, 239, 303, 367, 431, 480 (1940). (1) scrmtyi tefotzn.D. .Wl.

(101 Stuly f Riealabsoptin hyromter.11.~. (22) Refrig. Eng 48, 291 (1944).(101 Stdy f Rdea aborpion ygrmetr. 1. . (22)Em netter Fenchigkeit snioser; das- D iffusions-
Harkness. 1Rev. Osci. Inst. 10, 237 (1939). hygromieter. 11. (ireinacher. Hel. Phys. Act.

(102) 1 ewpoiiit hygrometer for mse at low temperature. 17, 437 ( 1944).
C.A. Winukler. Canadian .1. of Research 17, (123) A ciili ritnetrnc method for determining tlie water

See. D, :1.5 (1939). v-apor content in fuel gases utilizing the( Evelyn
(103 ) Au 10 imprveil radiiosionile andl its pe-ir ormaneie. 1H. coloi rmet er. It. J. Ptister anid D1. .1. Kin Icy.

IDiamiionid. W. S. Hin manai. F". W. D iuimonre. amid Amier. Soc. Test. Mat. Bill. 127, 17 (1944).
E. G. Lahai J. Research NBS 25, 327 (1940) (124) Spiectrojilotinieter for (let erini natiion (if wvater
I t 1 3 2 9. (*tEleictrici hiygromieiteor. ) vali ir iii ver~tical ci)! mnin (if at mospblerv r N. It.

(104) A diwlioinlt reorder(1'i for meiasurinig atmospheric Fosteor and L. WV. Fosket t .1J. O pt ical Soc. Ami.

' moiisture'. C. W. TliiitlitWaite and .1. C. O weni. 35, 601 (1945). (U'se philitiotute to imeasuire
Minithily Weather Rteview 68, 315 (1940). changes, iii absorption oif sun's spectral hanod, 9-34(0

(105) Stutdies with the condlensation hiygroimeter. TI. angstromis, (file to water fin path.)
Okada and M. Taniura. I roc. Imip. Acad. (125) A photoelectric vygromieter. BI. hainlernilesli, F.
(Tokyo) 16, 141 and 248 (1940). Reines, S. Korrf. Nat. Adv. Coma. Aero. Tech. Niote

(106) Equipment for 'ondlitioninig mnaterials at (-(instant 9S0 (1945). (Absorption of spectral hand nieas-
hulmiid~ities and ait elevated tvniiisratuire. .1. G. mired by photoelec'tric means.)
WVipgonink. J1. Research NIIS 24, (29 (1940) (126) Hiteiiij psychiromietric chart. 0. T'. Zimnimiriman
R111303. and 1. Lavinie. Industrial Resea rch Service,

(107) A new psychromnetric chart fior liiwi temperatures Dover, N. H. (1945). $12.51).
amid himmnidi tie*s. C. AV. Pci-era II. Heniti g a nil (127) Meteorology iif the lower~ st ratosphiere. G. M. B.
Vent ilating 38, 51 (Junie 1941 ). (Expanded Dobison. Proc. Rtoy. Soc. A185, 144 (1946).
scale at lowi~ tenll)iera titre. ) (128) Low-pressure properties5 of water frin -160 to

(108) The construction and( use of nt thermoelectric psv- +212'F. .J. A. (woff and] S. (iratch. Heating,
chromieter. 0 . Lorenzen, Jr. Temperature-Its Pipi ;a, and Air Conditioning, (1946).
iiieasuremnent ant control in science anid iiiilis- (129) Recorder and controller for temperat tire and lii-
try. American Institute of Physics. p). 66o inidity. V. D. Hauck. It. E. Strum aiii It. 1B.
(1941 ). Colt. Electronics 19, 96 (1946). ( Hluiian hai r

(109) The (ijt icil hmygromiiter and its wvorkingr. L, D. ieleiment periodicalIly controlIs ant electrical re-
Mahajian. Indian J. Physics 15, 425 (I194) sistance.)

(110) Electric divpoi mt recorider. R. 11. Reedl. Iii symi- (130) Illiniiis Testing, Labora tories depwpoimit indicat or.
posiumn (on Teniperature-l ts measurement and Instruments 19, 278 (1946).
(iiiit nil iii scienice and iindust ry. American In- (131) A iiethod oif mleaisuring temipera1ture on the skin

.stituite of Phlysics. p). 655) (1941 ). and] cloth in,- oif a Iuman subject. L. AV. Ogden
(111) Chlemoical ahsorptlion hygrometer as iiieteiiroli.-gical and WV. It. Rees. Shirley Inst it ute Meaioirs XX,

instrumietit. C'. W. Thorntliwvaito. Trio ms. Ami. 163 (1940). (DIescript ion of electric hyg:ronieter
Geophys. Unmuii n pt 11, 417 (August 1941). niade by boilingr cot toni fabric fil ILi( ' solution.

(112) On(itte moeasuiremient of water vapor iii go sos. F. C. Relative huiiidity is a function of resistance andi~
Todid and A. W. Gauger. Proc. Amier. Roc. Test, temperature.)
Maht. 41, 11:31 (19-11). (Coloriiiietric method (Ie- (132) A simple theory of the electric hiygromieter. W.
scribed misini cobol to us bironmide ii in-liutyl alco- Schiaffer. Bul. Ami. 'Meteoro. Soc. 27, 147 (1946).
hol as an indicator). (133) Hygrometer for high pressure gaises. W. W%. Ite h'il-

(113) Study% of olectrie hmygroiimter. R, N. Evans andl ier and L. It. Mc Intosh. 1Rev. Sei. Inst. 18,56
J. E. Da vem IlPort. Ind. & Eng. Clhem. (Anal. ed. ) (1947).
14,507 (1942). (134) Inmvest igrathin oin ab soirpt io n liygroinietrs, at low

(114) Bridge control led relay circuiit for D~unmiore rela- templeraitures. H]. I lickauf. I roc. I 'lys. Soc.
ti o humiidit y elements. R. L. Anidriews. Rev. Lonidon 59, :144 (1947). I IDescript ion of dliv'ided

ScO. Inst. 14,'_276 (194:3). flow typeo ,f test apiparatuis, peifrim'iitice oif giild-
(115) T1wo moiomigraplis for low andi high wet-bulb range bicoter'sskin elements. aind thle electric hygrometer

solve~ psyc'hromiietric prohlenmii. I-. Bterl and ats a function (If temp era tulre.)
4. A. Sterbit zel. ('heiii. & Mfet. Enrg. 50, 142 (135) An imiprived colit ililous inlicat izw dlewp~irt
(Dec. 1943). I Al igninount chinrts fur obita ining motor. F. A. Fniswoli, It, ID. ILewis aimid It. C.

relative- lmiuiiiity from dIry- and wet-bulb Wheeler, ,Jr. N A( A Tech. Note No. 1215. Wash-
reading~s.) ingt on, D. C. (Feb. 1947,).

(116 A q ~ec~t roseopilv hygromneter. L. W. F'oskett and (136i) H umidity measuremient hy a new ssytem : Doi'wel.
N. B. Foster. Itmil. Amn. Moteoonr. Soc. 24, 146 WV. F. Hlicks. Rofrig. E'ng. 54, 351 (1947). Also
(1913). Abistract, Aero. Eng., 11ev. 2 (April Instruments 20, 1128 (1947). (Foxboro electric
1943). hiygr~ometer.)

(117) Ca lcuInlbtion of the relative humioIdit y fromu hai r h y- (1:17) Ni'wi moethod of mneasuring rel ative liimimi dit y.
gm'ometer readings dhiriig ha llouiiim sceiit . P. Lichitgni i. Inst rumenits 20, 336 ( 1947). (I Pre-
H]. Wlckauf. Qtr. .1. Royal Met eoro. Soc. 70, lilinia ry results on tlie use of ceraiuiie manteriaIs.
293 ( 1944 ). ( Thici rot ii c I in vest i.,gonl (iiof hiow as electrnicaml resista nce ielemeniit s.)

17



13'S) Analysis of gas mixtures containing,, a1 para-tiectric (148) Weston all-metal humidity indlicat tor. R1ev. Sci.
(oniUllttflt. N. Schtwarz. l'hysicu ( Hollantd ) Inst. 19, 123 ( 194S).
Al, 47 4 1947). (Tlterinal conductivity effect iii- (1419) Divided floiw type, low temiperatutre humidity test
creasedl by an electric field imposed on gas sam- appara tuis. Ar titlit Wexler. J1. Research NBS
ple.) 40, *1794 194S) 111,1 81.4. (Supt. of D ocumnents,

(139) Serdex hiygromteter. 1Rev. SOi. Inst. 18, 5941 ( 1947). Washinigton 25. 1 4. C .). 1(1(,. (D1es-crilies mnet
(Gohihea ter's skin hygromet er.) of coi ibintin, dgIry and sait ira ted air to proi duce

(140) The( measurement of humiidity. 11. S. Gregory. desired relative liuniditis.)
Instrument Prac tice 1, 367, 447 ( 1947 ). 11504) Lo w tem ix tatr piieitr f ornim (ot f ra dioisondei el e'-

(141) A theoretical basis for the dlitfusion hygromtet er. tric hygrotoeter elements. Arntoild W\exler. J.
It. Spencer Gregpory and E. Rourke. Phil. Mag. Research NIIS 43, 49 41949) R112(1,113. ( Sopt, of
38,.-73 (11V47). D ocumients. Washington 2)5. 1). C.). 1 Oo'

(142) Sitr'a ce ( omhulist io(n C orp. furn a ic-atmosphere t(151 ) Sotme possibled( stillrces, of enrror in ''1 x'at ing the
Immitttd it y r'cird~er. Inlstrtumttentts 20, 730) (19)47 ) * Asmn psychromiI I t itet er. M. E. Wmi iiI ick. Itt -

(14:1) Psychromitetric tioisture dleterntitaittton in gases. struttetit P'ractice 4, no. 1, 13 (11949).
11. ltrickhoff. Archi. Tech. M~essen. Issuc No. (152) Biptast ic st rip hyzriotnet er .. ' uil. P'last ics 26, 743
152, TI17 t]1947). 4 March 1!449).

(144) A mt et hod ft i thI e ci it iiiiinums mea sutremenit of dew- (153)1 A retcor d ing inib ri w:vi' GeC olr eorge
poinit tempileratuires. 14. N. litssmana. Report of Btirnblaumit. Rev. Sci. lust - 21, P;94 (19-70)1.
Dlept. of Meteoiroilogy, U. oif Ch'licagoi. (154) Test attd adaptltationt (if tie FIitxiitii ilewphltti re-

(145) An automat ic fiewltoint mieter for the ileti'rmiina- corder fori weat her tiliserva t pry its. .1. It. C , ntot-
titt tif ci mdet sahtle va pors. T1. T'. Puck. R1ev. yen. Bi ll.. Ain. i let et ii. St i. 31, nio I. 1, 1:.1 (ani.

Sci. lnst. 19, 14; 4 19)4,S). 191054. (Tests ott Dewcel Cutr mttiiracy, lag and
(146 ) Moliisturie mtea sutementit with ,ian eleict ron ic di wpoi i t uttil it y for uit et ii. itical Il se. 4

intdicattor. Vt. E. Sititnii. Instrumtents 21, ITS (15)lecircitlatin,- appamrat us tot. te'intig liyg-romteiters.
4114-18). Arntold Wiexler. .1. Iltst'arcli NIIS 453. 357 4 1145441

(147) Measuriaement of water iii gases bly electrical ion- R1121 -15.
iluctititi inl a filint toC hygroiscotpic miaterialt and ile 11 156) V ersat ile plttittttlatc 0 tsttt it'at:sti mt cr4li
use oif litessitnir changes, in catitinatiton. E. R. cal ttiwx. W. A. Willihtik. Retv. Sii. Int.s 21.
Weavier and] It. Riley. .1. Rlesearchi NB11 40, 25 114544.
161-214 411)48) RI'18G;5. 4 Fit a descriitititi (of 41.574 Apparatu~ts fipr rt'iirditit: tictititint tis illttillt, rifrac-
tif ctitninueial nmodetl see Ints)triuments 20, 160) tive indext tif thle atinttto re :iti t 2ý.2 iitiititlemtus

( 1947). ( Electric Iltygritetir) . I Supt. tif wavelentgtht. C. M. Craittn e. S-i. I Osi. 21.
Do, .cniietts, WVashingttn 25, D. C'.). 250. 456 4 1! 51)

U S. #0VFil Pmi NrT PY, %7NY OrF FC E 1%5


